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Presence of Dextran and It’s Negative Effects 
 on Cane Sugar Production in Sudan 
  
By 
Afamia Issa Kouzi 
 
Abstract 
The research objective is to study of the effects of different cane conditions 
in the field on dextran level in cane juice (e.g. burning, chopping, delay 
between cutting and milling, and type of ratoon), and factors affecting levels 
of dextran during processing. 
The most important five criteria vis: polarization (pol), apparent purity, pH, 
viscosity and commercial cane sugar (C.C.S) of the cane juice besides 
dextran content of juice have been used to measure the cane deterioration.  
At the field level the results show that dextran formation was greater in 
chopped than long cane. Also the rate of deterioration of burnt cane is 
significantly higher than of green cane, with burnt chopped cane 
deterioration more rapid and extensive than in green chopped cane for the 
three types of cane; plantation, 1st ratoon, and 2nd ratoon. This was 
concomitant with a decrease in each of pol, apparent purity, pH, C.C.S, and 
an increase in viscosity which can be very good indicators to cane 
deterioration. Sugar losses from 11% - 50% were observed during the delay 
time to four days on the different cane samples. 
 
 IV
At the factory level the highest dextran was in mixed juice and decreased 
considerably during the process of sugar production. The greatest amount of 
dextran entering the factory goes to final molasses while only small amount 
goes to sugar. The dextran content correlated strongly with decreasing each 
of Brix, pol and apparent purity of most factory samples, and very strongly 
with decreasing of C.C.S, pH values and increasing of viscosity for all 
factory samples, which can be very good indicators to dextran presence 
during processing. Statistical analyses showed that for every 100 ppm of 
dextran in cane juice, there is an average sucrose loss of 0.4 Kg /ton cane. So 
molasses purities have augmented to reach values as high as 43 %. Dextran 
removal percentage reaches up to 61.97 % during the clarification of juice, 
and this increased to 74.01% with application of biocide. Mill sanitation in 
turn decreased dextran content by about 58 %, and then each 0.05 % or (500 
ppm) reduction in dextran content in the juice will result in a savings of 2 kg 
of sugar/ton of sugar produced. For data of “Algunied” cane sugar factory 
would potentially recover 0.97 ton additional sugar/ day. With regard of 
process chemical costs, and for a 220 day crop recovers 213.4 tons at SDG 
2008.00 / ton sugar, the gain is SDG 408892 / year. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
V 
 
  و أﺛﺎرﻩ اﻟﺴﻠﺒﻴﺔ ﻋﻠﻰ إﻧﺘﺎج  ﺳﻜﺮ اﻟﻘﺼﺐ ﻓﻲ اﻟﺴﻮدانوﺟﻮد اﻟﺪﻳﻜﺴﺘﺮان
 
 أﻓﺎﻣﻴﻪ ﻋﻴﺴﻰ ﻗﻮزي
 
 ﻣﻠﺨﺺ اﻟﺪراﺳﺔ
ﺗﺄﺛﻴﺮ ﺣﺎﻻت اﻟﻘﺼﺐ اﻟﻤﺨﺘﻠﻔﺔ ﻓﻲ اﻟﺤﻘﻞ ﻋﻠﻰ ﻣﺤﺘﻮى اﻟﺪﻳﻜﺴﺘﺮان ﻓﻲ  ﻳﻬﺪف هﺬا اﻟﺒﺤﺚ إﻟﻰ دراﺳﺔ
اﻟﻤﺆﺛﺮة ﻋﻠﻰ  ﻞو اﻟﻌﻮاﻣ (  ﻧﻤﻂ اﻻﺳﺘﺰراع- اﻟﺘﺄﺧﻴﺮ ﻋﻦ اﻟﺘﺼﻨﻴﻊ- اﻟﺘﻘﻄﻴﻊ-اﻟﺤﺮق) ﻋﺼﻴﺮ اﻟﻘﺼﺐ 
 .ﻮﻳﺎت اﻟﺪﻳﻜﺴﺘﺮان ﺧﻼل  اﻟﺘﺼﻨﻴﻊﻣﺤﺘ
- اﻟﺤﺎﻣﻀﻴﺔ-اﻟﻨﻘﺎوة اﻟﻈﺎهﺮﻳﺔ-اﻟﺴﻜﺮوز: هﻲ اﺳﺘﺨﺪم ﻟﻠﺪﻻﻟﺔ ﻋﻠﻰ ﻓﺴﺎد اﻟﻘﺼﺐ أهﻢ ﺧﻤﺴﺔ ﻣﻌﺎﻳﻴﺮ
  .   إﺿﺎﻓﺔ ﻟﻤﺤﺘﻮى اﻟﺪﻳﻜﺴﺘﺮان  اﻟﻘﺼﺐﺮاﻟﻠﺰوﺟﺔ وﻣﺮدود اﻟﺴﻜﺮ ﻟﻌﺼﻴ
ﻲ ﻋﻠﻰ ﻣﺴﺘﻮى اﻟﺤﻘﻞ أن ﺗﺸﻜﻞ اﻟﺪﻳﻜﺴﺘﺮان آﺎن أآﺜﺮ ﻓﻲ اﻟﻘﺼﺐ اﻟﻤﻘﻄﻊ ﻣﻨﻪ ﻓ أﻇﻬﺮت اﻟﻨﺘﺎﺋﺞ
اﻟﻘﺼﺐ اﻟﻄﻮﻳﻞ و ﻣﻌﺪل اﻟﻔﺴﺎد أﻋﻠﻰ ﺑﺸﻜﻞ واﺿﺢ ﻓﻲ اﻟﻘﺼﺐ اﻟﻤﺤﺮوق ﻣﻨﻪ ﻓﻲ اﻟﻘﺼﺐ اﻷﺧﻀﺮ 
)  و أﺳﺮع ﻣﻦ اﻷﺧﻀﺮ اﻟﻤﻘﻄﻊ ﻟﻸﻧﻤﺎط اﻟﺜﻼﺛﺔ ﻣﻦ اﻟﻘﺼﺐﺪاﻟﻤﺤﺮوق  اﻟﻤﻘﻄﻊ أﺷ  أن ﻓﺴﺎد اﻟﻘﺼﺐﺎآﻤ
ﻣﻦ اﻟﺴﻜﺮوز و اﻟﻨﻘﺎوة " وﻗﺪ ﺗﺮاﻓﻖ ذﻟﻚ ﻣﻊ اﻧﺨﻔﺎض آﻼ(  ﺧﻠﻔﺔ ﺛﺎﻧﻴﺔ- ﺧﻠﻔﺔ أوﻟﻰ-زرﻋﺔ أوﻟﻴﺔ
 ﺟﻴﺪة ﻋﻠﻰ ﻓﺴﺎد تواﻟﻤﺮدود و ازدﻳﺎد ﻓﻲ اﻟﻠﺰوﺟﺔ اﻟﺘﻲ ﺑﺪت ﺟﻤﻴﻌﻬﺎ آﻤﺆﺷﺮا ﻈﺎهﺮﻳﺔ و اﻟﺤﺎﻣﻀﻴﺔ اﻟ
  .ﺧﻼل اﻟﺘﺄﺧﻴﺮ ﻷرﺑﻌﺔ أﻳﺎم ﻟﻤﺨﺘﻠﻒ ﻋﻴﻨﺎت اﻟﻘﺼﺐ%  05 -11آﺎن ﻓﻘﺪ اﻟﺴﻜﺮ ﻣﻦ .  اﻟﻘﺼﺐ
ﻋﻠﻰ ﻣﺴﺘﻮى اﻟﻤﺼﻨﻊ آﺎن أﻋﻠﻰ  ﻣﺤﺘﻮى ﻟﻠﺪﻳﻜﺴﺘﺮان ﻓﻲ اﻟﻌﺼﻴﺮ اﻷوﻟﻲ وﺗﻨﺎﻗﺺ ﺑﻮﺿﻮح ﺧﻼل 
اﻟﺴﻜﺮ، و ذهﺒﺖ اﻟﻜﻤﻴﺔ اﻷﻋﻠﻰ ﻣﻦ اﻟﺪﻳﻜﺴﺘﺮان اﻟﺪاﺧﻞ ﻟﻠﻤﺼﻨﻊ إﻟﻰ اﻟﻤﻮﻻس ﺑﻴﻨﻤﺎ اﻟﻜﻤﻴﺔ ﻋﻤﻠﻴﺔ إﻧﺘﺎج 
ﻣﻦ اﻟﻤﺎدة اﻟﺠﺎﻓﺔ و اﻟﺴﻜﺮوز " ارﺗﺒﻂ ﻣﺤﺘﻮى اﻟﺪﻳﻜﺴﺘﺮان ﺑﻘﻮة ﻣﻊ ﺗﻨﺎﻗﺺ آﻼ. اﻷﻗﻞ ذهﺒﺖ إﻟﻰ اﻟﺴﻜﺮ
 و واﻟﻤﺮدود و ﺑﻘﻮة أآﺜﺮ ﻣﻊ اﻧﺨﻔﺎض ﻗﻴﻢ و اﻟﺤﺎﻣﻀﻴﺔ، و اﻟﻨﻘﺎوة اﻟﻈﺎهﺮﻳﺔ ﻟﻤﻌﻈﻢ ﻋﻴﻨﺎت اﻟﻤﺼﻨﻊ
ازدﻳﺎد ﻓﻲ اﻟﻠﺰوﺟﺔ ﻟﺠﻤﻴﻊ ﻋﻴﻨﺎت اﻟﻤﺼﻨﻊ ﻣﻤﺎ ﻳﺠﻌﻠﻬﺎ اﻟﻤﺆﺷﺮات اﻷﻓﻀﻞ ﻟﻮﺟﻮد اﻟﺪﻳﻜﺴﺘﺮان ﺧﻼل 
ﻓﻲ "  دﻳﻜﺴﺘﺮان ﻓﻲ اﻟﻌﺼﻴﺮ ﺗﺴﺒﺐ ﻓﻘﺪا mpp001أﻇﻬﺮت اﻟﺘﺤﺎﻟﻴﻞ اﻻﺣﺼﺎﺋﻴﺔ أن آﻞ . اﻟﺘﺼﻨﻴﻊ
   % .34ﻃﻦ ﻗﺼﺐ و ﻋﻠﻴﻪ ﻓﺎن ﻧﻘﺎوة اﻟﻤﻮﻻس ازدادت ﻟﻘﻴﻢ ﻋﺎﻟﻴﺔ / ﻢ آﻐ4.0اﻟﺴﻜﺮ ﺑﻤﻌﺪل 
  
  
IV 
 % 47و ازدادت ﺣﺘﻰ  % 16ﻟﻨﺴﺒﺔ اﻟﻤﺌﻮﻳﺔ ﻹزاﻟﺔ اﻟﺪﻳﻜﺴﺘﺮان ﺧﻼل ﻣﺮﺣﻠﺔ اﻟﺘﻨﻘﻴﺔ إﻟﻰ وﺻﻠﺖ ا
 005و ﻋﻠﻴﻪ ﻓﺎن آﻞ  % 05ﺗﻌﻘﻴﻢ اﻟﻌﺼﺎرات ﺑﺪورﻩ ﻗﻠﻞ ﻣﺤﺘﻮى ﻟﻠﺪﻳﻜﺴﺘﺮان ﺑﻨﺴﺒﺔ . ﺑﺎﺳﺘﺨﺪام اﻟﺘﻌﻘﻴﻢ 
 تو ﺑﺘﻄﺒﻴﻖ اﻟﺒﻴﺎﻧﺎ. ﻃﻦ ﺳﻜﺮ ﻣﻨﺘﺞ/  آﻐﻢ ﺳﻜﺮ2 دﻳﻜﺴﺘﺮان ﺗﺘﻢ إزاﻟﺘﻬﺎ ﻣﻦ اﻟﻌﺼﻴﺮ ﺗﻮﻓﺮ  mpp
و ﻣﻊ ﺣﺴﺎب ﺗﻜﺎﻟﻴﻒ "  ﻃﻦ ﺳﻜﺮ إﺿﺎﻓﻲ ﻳﻮﻣﻴﺎ79.0ﺔ ﺑﻤﺼﻨﻊ اﻟﺠﻨﻴﺪ  ﻓﺎﻧﻪ ﻣﻦ اﻟﻤﻤﻜﻦ ﺗﻮﻓﻴﺮاﻟﺨﺎﺻ
 ﺟﻨﻴﻪ ﺳﻮداﻧﻲ ﻟﻠﻄﻦ 8002 ﻃﻦ ﺳﻜﺮ و ﺑﺴﻌﺮ 312 ﻳﻮم ﻳﻤﻜﻦ اﺳﺘﻌﺎدة 022اﻟﺘﻌﻘﻴﻢ اﻟﻜﻴﻤﻴﺎﺋﻲ و ﻟﻤﻮﺳﻢ 
  ". ﺳﻮداﻧﻴﺎ" ﺟﻨﻴﻬﺎ298804اﻟﻮاﺣﺪ ﻳﻜﻮن اﻟﺮﺑﺢ اﻟﺴﻨﻮي 
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CHAPTER ONE  
INTRODUTION  
 
1.1 General 
The technological value of the sugar cane includes the quality properties 
of the cane with regard to harvest, storage, milling, and the chemical 
composition of the juice which determine the other parameters in the factory 
process liquors. It is desirable that the harvested sugar cane should have such 
characteristics that the maximum yield of white sugar can be obtained. 
Deterioration of sugar cane between harvesting and milling has long been 
associated with losses of sucrose and the formation of deterioration products. 
Unfortunately, the continuous nature of sugar processing, coupled with 
continuous variation in quality of raw materials, has rendered it very 
difficult to assess the economic losses incurred.  
Polysaccharides are long chain molecules, either branched or straight, 
composed of simple sugar units (glucose) linked in a definite fashion. All 
polysaccharides, by virtue of their physical properties, tend to have adverse 
effects on the processing of sugar cane. At best they represent a loss in terms 
of process sucrose and at worst they may cause delays in processing due to 
excess viscosities and losses of sucrose due to modification of crystal 
growth[1].  
The extent of the presence of these polysaccharides in juices depends on the 
variety of cane, maturity period, harvest and transport conditions, etc. With 
high polysaccharides contents, juices show low filtration rates and poor 
crystallization. Polysaccharides lower the quality of the juice and raw sugar 
in several ways. During processing, they increase viscosity, slow or inhibit 
crystallization, and increase the loss of sucrose to molasses. Because of their 
carbohydrate nature and high solubility, they are difficult to remove in 
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processing, and tend to be included in the raw sugar crystal, going into the 
refining process and causing similar problems in refining. Polysaccharides 
may also contribute to polarization distortion [2]. 
The polysaccharide most commonly associated with sugar processing 
problems is dextran. The level of dextran in factory mixed juice is the sum 
of three sources: (1) dextran from cane after being harvested, (2) dextran 
formed between harvesting and grinding during shipment and waiting in 
cane yard, and (3) dextran formed during the milling process.  
Sugar cane, in field, transport and factory, is easily subjected to microbial 
infection, especially by Leuconostoc mesenteroides, and to the production of 
dextran by these microorganisms [3]. 
Delays between harvesting and grinding, damage to cane by freezing and 
subsequent shipping delays allow more time for infection and deterioration. 
This can also cause a build up of microorganisms and an increase in dextran 
production. The microorganisms that produce dextran (primarily 
Leuconostoc mesenteroides) are particularly likely to build up in numbers on 
wet, muddy cane, and on cane with a lot of exposed tissue surface from 
billet harvesting, or damage by machine, or injury from freeze, disease or 
pests [3]. 
Dextran levels in cane are affected by prior planning of cane deliveries, and 
good hygiene in the cane yard, the mills and the factory. However, there are 
times when weather problems (storms, freeze) cause unavoidable damage to 
cane and delay deliveries. In these cases, infection and dextran levels build 
up in cane before it reaches the factory. 
The presence of dextran in harvested cane and its subsequent formation in 
the factory presents a potential for significant sucrose losses. An applied 
chemical program can increase sucrose recovery with significant economic 
gains for the factory. Even under favorable harvest and cane storage 
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conditions, significant deterioration occurs very quickly after cutting. The 
interval between cutting and grinding is when dextran levels build up most 
severely. Reducing cut to crush time is the most practical control measure 
for dextran formation prior to grinding. It is most severe when there is 
damaged cane, during periods of poor weather conditions, or when a factory 
slowdown or shutdown occurs [3]. 
Also, with field mechanization and the advent of billet cut cane, factories 
must now deal with the potential or increased processing problems 
associated with increased dextran levels. Billet cut cane exposes more 
internal surface area and increases the potential for infection by Leuconostoc 
bacteria from the soil. For chopped cane, massive infections of Leuconostoc 
and other bacteria are found up to 6 inches from the cut ends after storing for 
about two hours. The rate of formation of dextran in short burnt cane 
increases rapidly with the duration of time as shown in the Table 1.1 [3]. 
 
Table 1.1: Formation of dextran with increasing duration of time 
Storage time, Hours Dextran, ppm on Brix 
12 350 
24 750 
48 3200 
 
The existence of quality points for dextran in raw sugar contracts has 
provided a standard for economic loss due to dextran. Dextran in raw sugar 
in excess of 558 ppm on Brix has been subject to a penalty by refiners. The 
penalty is calculated from a sliding scale based upon the sugar dextran 
concentration. For example, the Number 14 Contract from Amstar 
Corporation calls for penalties on the value of the raw sugar as shown in 
Table 1.2 [4]. 
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Table 1.2: Amstar Number 14 Sugar Contract Dextran Penalty  
Dextran, ppm on Brix Penalty Penalty @ $400/Ton 
558-710 0.007 $ 2.80/ton 
710-862 0.009 $ 3.60/ton 
862-1014 0.011 $ 4.40/ton 
>1014 0.013 $ 5.20/ton 
 
This could equate to a penalty in excess of $5,000.00 per day in a factory 
grinding 10,000 tons cane per day. 
Finally, methods for minimizing the harmful effects of polysaccharides on 
sugar processing must discussed. Prevention of dextran formation in sour 
cane by application of the usual physical and chemical methods of inhibition 
of microorganisms appears to be impractical. The simplest solution is to 
minimize delays between cane cutting and milling. However, more costly 
method is an enzymatic removal of dextran from sugar processing [1].  
Increasing research has been directed toward understanding and correcting 
problems of cane deterioration, particularly those associated with chopper 
harvester operations. Rates of deterioration are primarily functions of the 
degree of mechanical damage, cut-to-crush delay, environmental conditions, 
degree of burn and delay of harvest after burning, degree of frost or freeze 
damage, and combinations of these factors. During periods of good 
harvesting weather, variations in cane quality are small; however wet 
conditions produce extreme variations in quality [2].  
It was planed to investigate the effect of delay time and harvest conditions 
on dextran formation, which are considerable factors in cane deterioration. 
In addition is also to study the effects of dextran presence in the different 
stages in the cane sugar factory on other process parameters such as Brix, 
polarization, purity, pH, color, viscosity, and available sugar.  
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1.2 Statement of the problem 
1. The Leuconostoc mesenteroides microorganisms possess the ability to 
multiply rapidly in dilute sucrose solution converting the glucose 
portion to dextran. The fructose subsequently decomposes into 
organic acids and colorants causing a decrease in pH which increases 
rate of inversion leading to further sucrose loss.  
2. Dextran causes an increase in solution viscosity gives rise to slow 
filtration, poor clarification and inefficient crystallization and 
evaporation, creating scales problem in evaporators and vacuum pans, 
which reduce the factory capacity.  
3. The elongation of the sucrose crystals along the C- axis takes place in 
presence of dextran which makes the purging of centrifugals difficult.   
4. Due to its extremely high dextrorotation, it gives ratifying high pol 
and purity values in process control, which lead to error in the 
recovery house calculation [5]. 
 
1.3 Objectives  
The objectives of this work are: 
I- To investigate the effect of delay time and specifications of   
harvest system on dextran levels in sugar cane.  
II- To investigate the negative effects of dextran on the different   
processing steps in the cane sugar factory. 
III- To formulate a relationship between dextran content and other   
parameters: Brix, pol, apparent purity, pH, color, viscosity, and 
available sugar.  
IV- To estimate the economic loss due to dextran. 
V- To calculate the sucrose loss due to dextran and its effect on   sugar 
yield. 
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CHAPTER TWO 
LITERATURE REVIEW  
 
2.1 Sugar cane and its products 
2.1.1 General 
Sugar cane processing is focused on the production of cane sugar from 
sugar cane. Other products of the process include bagasse, molasses, and 
filter cake. Bagasse, the residual woody fiber of the cane, is used for several 
purposes: fuel for the boilers and lime kilns, production of numerous paper 
and paperboard products and reconstituted panel board, agricultural mulch, 
and as a raw material for production of chemicals. Bagasse and bagasse 
residue are primarily used as a fuel source for the boilers in the generation of 
process steam [6].  
Dried filter cake is used as an animal feed supplement, fertilizer, and as a 
source of sugar cane wax. Molasses is produced in two forms, inedible for 
humans (blackstrap) or as edible syrup. Blackstrap molasses is used 
primarily as an animal feed additive but also used to produce ethanol, 
compressed yeast, citric acid, and rum. Edible molasses syrups are often 
blends with maple syrup, invert sugars, or corn syrup [6]. Fig 2.1 shows the 
products and by- products of sugar cane [7]. 
 
2.1.2 Process description of Algunied Cane Sugar Factory                      
Algunied Sugar Factory is located about 135 km south of Khartoum on 
the east side of the Blue Nile. Production started in 1962 /1963 with a design 
capacity of about 5000 ton cane / day. The cane is mechanically harvested; 
its properties are shown in Table 2.1 [8]. It is then transported to the factory 
using trailers. 
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Fig 2.1: Sugar cane products and by-products 
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Table 2.1: The properties of sugar cane in Algunied 
Crushing 
season 
Average 
yield 
Pol Fiber  Trash   Brix Moisture Recovery
220 
Days 
113.83 
    t /ha 
13 
%cane 
1 7 
%cane
3.29 
% cane 
16 
% cane
67 
 % cane 
10.08 
  % cane 
 
The cane is received at the factory (203t/h) and prepared for extraction of the 
juice. At first, the cane is weighed then mechanically unloaded, placed in a 
large moving table and, is washed with sprayed clean water (400-500 ton 
water /h). From there the cane continuously travels through a system of 
conveyors to the cane preparation unit, where the hard structure of the cane is 
broken into small pieces using two revolving knives driven by high-voltage 
electricity (6600 kV). For the milling of the crushed cane, multiple sets of 
three-roller mills, driven by steam turbine using live steam (360ºC, 19.61bar), 
consisting of six mills tandem, are used. Mill inter-carrier transports the 
crushed cane from one mill to the next. In imbibition system the water used is, 
mainly condensate, which is introduced into the last two mills (25-29 % cane) 
while the crushed cane travels from the first to the last mill. The crushed cane 
(bagasse) is exiting from the last mill. This bagasse is used as a fuel in the 
boilers for steam generation. The juice taken from the first two mills, called 
mixed juice (86% cane), is then clarified. Clarification is done by heating and 
liming using milk of lime (0.081%cane); small quantities of phosphoric acid 
are also added (0.010 % cane). The lime is added at 30○C, and the temperature 
of the juice is raised to about 105○C in a series of five heaters. A muddy 
precipitate forms which is separated from the juice in two clarifiers at 98-
100○C. Clear juice is separated from the mud in a rotary vacuum filter [8].  
The clarified juice is passed through two heat exchangers to raise its 
temperature to 115○C and then goes to the evaporator stations without 
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additional treatment. Evaporation is performed in an evaporator station to 
concentrate the juice from 16 to 60 % by mass. The evaporator station 
consists of four bodies in series, termed quadruple-effect evaporators. Exhaust 
steam from mills, turbo-alternators and make-up is used to heat the first 
evaporator, and the vapor formed in the first evaporator is used to heat the 
second evaporator. This heat transfer process continues through the four 
evaporators and the temperature decreases from evaporator to evaporator, the 
pressure inside each evaporator also decreases. This allows the juice to boil at 
lower temperatures in the subsequent evaporator. The vapor that formed in the 
first three evaporators is used for various heating purposes in the factory. The 
evaporator station in cane sugar manufacture typically produces syrup with 
about 65 % solids and 35 % water. The syrup goes to the vacuum pans for 
crystallization. Crystallization of the sugar starts in the vacuum pans to 
produce sugar crystals from the syrup. In the pan the syrup is evaporated until 
it reaches the supersaturation stage. At this point, the crystallization process is 
initiated by “seeding”. When the volume of the mixture of liquor and crystals, 
known as massecuite, reaches the desired capacity of the pan, the contents of 
the vacuum pans are discharged into cooling crystallizer, whose function is to 
increase the size of sugar crystal and further exhaust the masscuite of sugar. 
In the factory 3-scheme crystallization system is applied; there are (4 pans) 
for A masscuite. From the crystallizer, the A massecuite is transferred to 3 
high-speed batch centrifugal machines, in which the mother liquor (A heavy 
molasses) is centrifuged to the outer shell and the crystals A sugar remain in 
the inner centrifuge basket. The crystals are washed with water and the wash 
water centrifuged from the crystals as (A light molasses). A light molasses 
goes to C pans. The liquor, A heavy molasses from the A centrifuge, is 
returned to B vacuum pans (2 pans) and reboiled to yield a second B 
massecuite, that in turn yields B crystals. The B massecuite is transferred to 
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the crystallizer and then to the B centrifuge (5 continues), and the B sugar is 
separated from the molasses. This B sugar is mixed with water to make the 
magma, which goes to A pans to serve as a base for this strike. The B 
molasses is of much lower purity than the A molasses. It is reboiled with A 
light molasses in C pans (3 pans) to form a low-grade massecuite (C 
massecuite), which goes to cooling crystallizers and then to a C centrifuge (4 
continues). This low-grade cane sugar is mingled with water to make the 
dissolved C sugar and is used in the A vacuum pans. The final molasses from 
the third stage (blackstrap molasses) is used as a supplement in cattle feed. 
The cane sugar from the A massecuite is dried in rotary driers and cooled. 
After cooling, the cane sugar is transferred to bagging bins and then sent to 
storage. Fig 2.2 shows a flow sheet for Algunied sugar factory [8]. 
 
2.2 Quality and deterioration of sugar cane 
2.2.1 Quality of sugar cane 
The sugar cane is a giant tropical plant belonging to the genus 
Saccharum. It has been grown commercially in tropical and sub-tropical 
regions. The two basic criteria of cane quality are: (1) the percentage of 
sugar present in cane, and (2) the ease with which sugar may be extracted 
and recovered as sugar of acceptable quality.  
To satisfy these criteria, cane needs to be of a suitable variety and properly 
cultivated. It must be harvested when mature and in such a manner that the 
stalks are free from trash tops and foreign matter and delivered to the factory 
in freshly cut condition [9]. 
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Fig 2.2: Flow sheet for Algunied Cane Sugar Factory 
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Varieties are bred and selected primarily on the basis of sugar yield and 
suitability for a particular climate and soil, as well as resistance to disease, 
drought, frost and other hazards associated with growing conditions and 
cultivation. Ample supply of water, adequate applications of fertilizer and 
protection from disease and pests are essential for healthy growth and high 
sugar yield [9]. 
The physical quality of cane and sugar content may be reduced during 
harvesting and transport operations. If the stalks are excessively bruised 
during harvesting, and adhering trash, tops and soil are not removed, 
recovery of sugar from such cane will be somewhat hindered. Delay 
between harvesting and crushing results in loss of sugar by microbial 
metabolism with formation of products which may cause serious process 
difficulties, reduce recovery and adversely affect the sugar quality.  
The greater proportion of the world’s cane is harvested manually. The 
physical quality of the cane so cut varies over a wide range depending on a 
variety of technical and local factors [9]. 
The goal of the harvest is to deliver sugar cane stalks of good quality to the 
factory. Quality, measured by sucrose and trash content, is reduced by 
damaging cane, increasing trash in delivered cane and delaying cane 
delivery. Payment based on quality as well as tonnage increases the 
incentive for improving quality [10].  
Economic objectives dictate that growers should aim to produce a maximum 
tonnage of high sugar content cane in order to achieve an optimum yield of 
sugar per hectare per season. In the final analysis, growers are paid for the 
sugar in the cane they deliver. Optimization of profit also requires that the 
physical properties of the crop should allow for easy and inexpensive ways 
of harvesting and transport to the factory. 
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To the factory owner the most important criteria of quality are, likewise, a 
high content of recoverable sugar with high purity juice and low fiber 
content to facilitate recovery. Thus the cane must be mature, fresh, clean and 
undamaged. The factory can maintain the cane quality and ease of recovery 
by shortening the delay between delivery and crushing. Also any extension 
of the crushing season resulting in the harvesting of immature or over-
mature cane reduces the sugar yield. Climatic conditions have a great effect 
on the quality of cane. Droughts, floods, temperature levels, winds and hours 
of sunlight all have considerable impact on cane yield and its quality [9].   
 
2.2.2 Deterioration of sugar cane 
Before harvest, deterioration may occur from disease, pest, or weather 
damage. After cutting, sugar cane loses water (1-2% daily for first week). 
Where cane is burnt before cutting, water losses are minimal, especially if 
cane is crushed within one day of burning. Water loss creates an apparent 
increase in sugar content. Traditionally, deterioration proceeds by 
enzymatic, chemical, and microbial processes. The enzyme invertase, which 
occurs naturally in cane, converts sucrose to invert sugars (glucose and 
fructose), thus lowering purity [10].Chemical deterioration includes inversion 
caused both by acid conditions, which increase as cane become staler, and as 
a side effect of some microbial growth. The products of inversion change 
further with time to form acids and colored compounds. 
Microbial deterioration is primarily caused by a Leuconostoc bacterium, 
although many other bacteria can invade cut cane. Leuconostoc, which is in 
most soils, invades exposed internal stalk tissue, whatever the cause. Fire, 
cutting, mechanical damage, stalk  damage by disease or insects, damage by 
wind or freezing may all lead to stalk wounds that allow entry of 
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Leuconostoc and encourage dextran formation. The interval between cutting 
and grinding is the period when dextran levels build up most severely. If 
cane has deteriorated and dextran formed, gum levels can exceed 1% [10]. 
Mechanical damage and localized cell death occur whenever there is a cut, 
bruise, or puncture caused by knives, gathering chains, sticker chains, tires, 
tracks, slings, and so on. Because the formation of dextran Leuconostoc is 
closely associated with the damaged area, there is a direct relation between 
cane quality and the amount of mechanical damage [10]. 
Levels of gum or total polysaccharides have been used for many years as a 
measure of cane quality. A massive research effort in recent years has 
demonstrated that a much better indicator of processing quality is a single 
component of the polysaccharide fraction identified as dextran that produced 
by spoilage organism Leuconostoc mesenteroides [11]. 
 
2.3 Dextran characteristics  
2.3.1 Structure and properties of dextran  
Dextrans are homologous polymers of D-glucopyranose (glucans) 
containing predominantly α - (1→ 6) glucosidic linkages at least 50 %. They 
are usually formed by the action of the enzyme dextransucrase on sucrose. 
This activity is widely distributed amongst lactic acid bacteria, especially 
Leuconostoc mesenteroides and Leuconostoc dextranicum [1]. Dextrans in 
sugar cane, formed by Leuconostoc mesenteroides, contain at least 90 % α -
(1→ 6) linkages [10]. 
The structure and properties of dextrans vary widely between strains of 
organism, and are also, governed by conditions of cultivation such as 
sucrose concentration, pH, temperature and aeration. Dextrans consist of a 
basic straight-chain polymer of α - (1→ 6) linked glucose units, with some 
branches linked by α - (1→ 3) or α - (1→ 4) glucosidic bonds. The extent of 
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branching and relative proportions of none α - (1→ 6) linkages is variable. 
To the some extent the physical properties of the dextrans were correlated 
with the degree and type of branching [1]. Structure of dextran is shown in 
Fig 2.3 [12]. 
 
Fig 2.3: Structure of dextran 
Most native dextrans have a high molecular mass, of the order of 105 – 107 
or more. Consequently, they are insoluble in 40-50 % ethanol, but most are 
soluble in water. However, water solubility appears to decrease as the 
proportion of none α - (1→ 6) linkages increases. Dextrans are highly 
dextrorotatory, [α] D25 ranging from + 203˚ to + 233˚ in formamide or KOH. 
Aqueous solutions of dextrans may be quite viscous. Some dextrans are 
fluorescent in aqueous solution and may form opalescent solution [1]. 
 
2.3.2 Dextran formation 
Irvine, discussing the field origins of dextran, noted that Leuconostoc can 
enter sugar cane storage tissue before harvest when special cane varieties 
have pronounced growth cracks, while undamaged standing cane is free of 
internal contamination with Leuconostoc. Also, over-burning of cane 
removes the protective surface wax, causing cracks in the rind, and cooks 
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the underlying storage tissue, causing stalks to collapse and juice to ooze, 
providing a feast for Leuconostoc. Sound, whole-stalk cane seldom shows 
elevated dextran content; but burned or frozen whole-stalk cane will 
deteriorate rapidly with the superimposed field mechanization. 
Microorganisms grow fast on the surface of burnt cane even as early as 10 
min after burning. Leuconostoc is extremely common in burnt cane, and the 
numbers increase markedly with time after burning. For chopped cane, 
massive infections are found up to 6 inch from the cut ends after storing for 
about 2 h [10].  
Sucrose is biologically degraded into dextrose and levulose, particularly by 
L. mesenteroides, which produces dextransucrase to cause polymerization of 
dextrose into polysaccharides called dextran. Dextran has a molecular mass 
of 15,000 - 20,000,000 or higher and is a gummy substance.  
The action of this enzyme is illustrated in Fig 2.4 [13]. The degradation of 
sucrose and formation of dextran are shown in Fig 2.5 [10]. 
 
 
Fig 2.4: The action of dextransucrase enzyme 
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Fig 2.5: The degradation of sucrose and formation of dextran 
 
It will be noticed in Fig 2.5 that for every molecule of sucrose consumed, 
only the glucose portion is used in dextran formation, while a fructose 
moiety remains. This fructose subsequently decomposes into organic acids 
and colorant compounds, causing a decrease in pH, which in turn increases 
the rate of inversion, leading to further formation of acids and colorants from 
the newly formed invert sugar. In addition to the fructose breakdown 
products, by products of the enzymic dextran formation are acetic and lactic 
acids, mannitol, and probably ethanol, all of which enhance the problems of 
pH drop, colorant formation and increased sucrose loss to molasses later in 
processing [14]. 
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2.3.3 Factors affecting dextran level 
I- Dextran in field 
The following harvest conditions have been considered favorable for 
formation of dextran in the cane plant: Method of harvest, type of knives 
used, extent of de-topping, time lag between harvesting and crushing, extent 
of infection and microbiological activity present in soil and cane plant 
influences the dextran formation, and temperature of environment [15]. 
It has been known for many years that post-harvest bio-deterioration of cane 
frequently results in excessive gum formation, with subsequent harmful 
effects in the factory. This deterioration is generally thought to be caused by 
infection of the cane stalk with the lactic acid bacterium Leuconostoc 
mesenteroides, which converts sucrose to fructose and dextran. Similar 
changes occur in the extracted juice in the mill. The problem is often termed 
‘sour cane’ because of the associated increase in organic acids such as lactic 
and acetic acid in the juice. 
The main stimulus to interest in this subject, however, originated in 
Australia, when it was discovered that a change-over from manually-
harvested, whole stalk cane to mechanically-harvested, chopped-up cane 
greatly increased the degree of infection of cane with L. mesenteroides and 
hence increased the extent of sour cane [1]. 
In Louisiana, sour cane is often experienced when a period of warm weather 
follows a freeze during the harvesting season. It is thought that freeze 
damage increases the susceptibility of cane to infection by L. mesenteroides.  
Bacterial deterioration of chopped-up cane in Queensland was first studied 
by Egan, who named the problem ‘sour storage rot’. He found that this 
disease was caused by infection of the cane with L. mesenteroides at the 
moment of harvest [1]. Chopped cane deteriorates much faster than whole-
stalk cane due to the excessive damage and infection caused by the 
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mechanical chopper- harvester. Again, chopped cane exhibited much greater 
rates of dextran formation than whole-stalk cane, probably due to the greater 
area of exposed stalk and hence greater degree of infection. The hot weather 
increased the rate of dextran formation, presumably due to enhancement of 
microbial activity. It was estimated that with chopped cane the dextran 
content would cause significant processing difficulties within 18 hours of 
harvest in cool, dry weather or 14 hours in hot, wet weather. Dextran was 
not detected in fresh cane, nor in whole-stalk cane after 30 hours storage [1]. 
Observation made by Foster was that, the rate of dextran formation was 
much higher in burnt than in green cane. There appear to be two possible 
explanations for this phenomenon. Burning may increase the susceptibility 
of cane to infection by L. mesenteroides, either by causing splits in the rind 
which facilitate entry of bacteria, or by inactivating the plant’s natural 
antibacterial enzymes, phenol oxidizes. Alternatively, the observed ‘dextran’ 
may be non-bacterial polysaccharides synthesized by enzymes within the 
cane cells in response to temperature rises [1]. 
It is preferable to reserve the term ‘stale cane’ for cane stalks which have 
been stored for long periods after cutting without being infected by 
microorganisms. When microbiological deterioration is evident, the term 
‘sour cane’ is more appropriate. The literature shows that certain 
polysaccharides may be formed in stale cane which differs significantly 
from bacterial dextran [1]. 
 
II- Dextran in the factory 
The amount of dextran entering a cane sugar factory is, of course, a 
function of the location, weather, condition of the crop, etc. Dextran contents 
increase progressively from dilute juice to final molasses, as is expected 
with the removal of sugar solids. During periods of good harvesting weather, 
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variations in cane quality are small; however, wet conditions produce 
extreme variations in quality. Harvesting conditions were unusually wet 
throughout the season. There were large increases between the mixed juice 
and syrup stages. Polysaccharide content of syrups was closely related to 
field conditions, and, as expected, increased in concentration as sugar solids 
were removed in processing. Total polysaccharide data indicate a high 
degree of variability that is inconsistent with dextran values. Large amounts 
of soil present in mixed juice samples probably trapped appreciable 
quantities of the polysaccharides. Coll et al stated that, although lime 
clarification removes a high percentage of polysaccharides during periods of 
low soil, the minimum content at the syrup stage is probably about 3000 
ppm on Brix [2]. 
Dextran and gums were determined in Australian factory syrups and 
massecuites by Keniry et al. The materials were derived from chopped-up 
cane. Syrup derived from fresh cane did not contain dextran, but gum 
contents ranged from 0.3 to 0.6 % Bx depending on season. Normal factory 
syrups contained 0.002- 0.150 % Bx dextran and 0.45- 1.045 % Bx gums. 
Results for C massecuites were as follows: dextran, 0- 0.26 % Bx; gums, 
1.4-2.3 % Bx. In view of the incidence of sour storage rot in chopped-up 
cane, it is almost certain that the dextrans and excess gums were in fact L. 
mesenteroides dextran [1]. 
 
2.4 Dextran analysis in sugar industry 
Several alternative methods for dextran analysis have been proposed over 
the years, each with its own advantages and disadvantages. Among these 
are: the enzyme - dialysis method, the viscometric method, the enzyme 
electrode method, an immunological method, and the original alcohol Haze 
method. Of these, only the Haze procedure has until recently been practical 
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for a routine testing situation. The Robert’s or copper reduction procedure 
for dextran has been introduced largely to address the shortcomings of Haze 
method [11]. 
The problems facing the analyst designing a procedure for use in sugar 
processing to detect dextran are many folds. Chemically, the problem is 
detection of a small amount of a specific polysaccharide in the presence of 
large amounts of other polysaccharides and sugar. Complicating the problem 
is the fact that dextran is not a uniform molecule, but varies both in size and 
structure. So there is the industry need for a simple, rapid and repeatable 
assay which can be used across the gamut of sugar production streams. Since 
even small amounts of dextran can affect sugar production, testing is 
desirable across the production process. Currently, only sugar is routinely 
monitored for dextran at the raw factory, in order to blend high dextran 
sugar with low dextran sugar to minimize penalties [16]. 
The Haze method is still the standard method for levying dextran penalties 
on raw sugar. Continuous research on methods for analysis of dextran has 
produced numerous other analytical approaches, ranging from alcohol 
precipitation to enzyme electrodes. Each method proposed for analyzing 
dextran is based upon different physical or chemical principles and each has 
some disadvantage. From the view of the sugar analyst the following five 
criteria are good indicators of the suitability of a given dextran analytical 
procedure. All published methods fail in one way or another against these 
criteria [16]. 
1. Simplicity: The assay should not require a high degree of skill in the 
actual manipulation of the test, or a high degree of skill in maintaining the 
instrumentation. 
2. Speed: The test should be capable of being conducted rapidly so decisions 
can be made on process modifications in response to high values. 
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3. Precision: Precision or repeatability is more important than absolute 
accuracy (although a consistent degree of accuracy is necessary) particularly 
if the analytical results are going to impact financial concerns such as cane 
payment. 
4. Range: The test system should be capable of handling a wide range of 
analytical samples with little or no modification. 
5. Availability: The test must be based on readily available equipment and 
reagents.  
Most research has concentrated on analysis of dextran in raw sugar. This 
happens to ease the analytical problem, as sugar crystallization separates 
dextran from the majority of interfering polysaccharides. If not used on 
sugar, a dextran separation step is usually part of the analysis [16]. 
This step can add significant time to any procedure. The various analytical 
procedures can be classified by the method of separation they use to separate 
dextran from the sample prior to quantification. It is Crystallization in Haze 
Test, and Alcohol Precipitation in Robert’s Method. Instrument and 
immunochemical methods are generally the only procedures which do not 
require pre-separation of the dextran from the sample. 
A comparison of the Haze test, an alcohol based test (Robert’s), an 
instrumental method (Gel Permeation Chromatography, GPC) and two 
immunochemical tests illustrates the problems. The Haze test is one of the 
simplest of the current methods for dextran analysis. It is reasonably rapid 
and the materials for conducting the test are readily available. Its range is 
limited to sugar. The precision of the test is good but the accuracy of this 
method is poor. The Haze test loses sensitivity when the size of the dextran 
detected is less than M 150,000. It also overestimates the amount of dextran 
present when the dextran concentrations are high [16]. 
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The ability of the Robert’s method to detect small dextrans is better than that 
of the Haze test. However, it has been reported that both the Haze and the 
Robert’s tests are non-specific for dextran. The Robert’s test is also limited 
in range to sugar. Its sensitivity is better than that of the Haze test as it 
solved the variable molecular mass problem and the materials for the 
procedure are readily available. It is not as rapid as the Haze test and 
requires better analytical skills. Gel Permeation Chromatography (GPC) fails 
in the areas of simplicity and speed. Its range is good, being adaptable to all 
sugar process streams. Immunological methods are both simple and rapid. In 
fact, immunological methods fit all the criteria except availability. They 
require special reagents which are not readily available. All tested methods 
of analysis are internally consistent but do not agree well among each other. 
Using the Haze test as the base (1.0), the following correlations were 
reported for the various tests, GPC, 0.75, monoclonal antibody, 0.71 and 
polyclonal antibody, 0.69. The results from GPC also do not agree with 
immunochemical results, correlations of 0.30 and 0.24 for mono and 
polyclonal antibody testing respectively casting doubt on the specificity of 
this analysis. If a series of raw sugars are assayed by the different methods, 
each method gives a different result. 
A summary of the utility of current methods for monitoring dextran during 
sugar processing shows that no assay is completely suitable. However, the 
immunochemical approach comes closest to meet the set standards [16]. 
 
2.5 Effects of dextran on sugar processing 
It has been known for many years that gums from sour or stale cane 
adversely affect the process of sugar manufacture. With the exception of 
starch little is known about the effects of “normal” polysaccharides present 
in fresh cane on processing [1]. 
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Since the early days of sugar manufacture there have been many reports of 
the formation of insoluble deposits of gum in sugar factories and refineries 
which cause clogging and blockage of pipelines, tanks, strainers, filters, etc. 
These were invariably due to the growth of bacteria in the process, with 
constant formation of dextrans or levans. 
The following discussion will be expanded in a stage by stage review of the 
effects of dextran on sugar processing.   
1. Pol analysis: One effect of dextran in process materials is interference 
with analytical tests for sucrose and purity in process control. Dextran 
is highly dextrorotatory and therefore inflates the direct polarization 
reading of samples, unless removed prior to test. Furthermore, high 
dextran levels reduce the efficiency of clarification techniques used in 
pol determinations. Bose and Singh tested that the relationship 
between pol and dextran content and derived the following equation 
which gave accurate results at dextran concentration [4]. 
 Y = 0.0010 X – 0.1597                          (2.1) 
         Where:  Y = Elevation in polarization due to dextran  
                      X = Dextran content (ppm) 
2. Clarification: At the clarification stage in raw sugar manufacture, 
abnormally high dextran levels cause severe effects. Juice derived 
from deteriorated cane contains excess acids and requires extra lime 
addition to neutralize the acidity. Scale formation in the juice heaters 
decreases heating efficiency. The presence of excess gums increases 
juice viscosity, which retards the settling time in clarifiers and 
prevents satisfactory removal of suspended matter. Consequently the 
clarified juice is cloudy, resulting in higher mud volumes at the filter 
station. Filtration of muds is also impeded by the excess viscosity of 
the juice [1]. 
 25
3. Evaporation and crystallization rate of sucrose: During the stages of 
evaporation and crystallization, the major harmful effects of dextran 
are an increase in the viscosity of syrups and massecuites and a 
decrease in the rate of crystallization of sucrose. 
4. Factory capacity: The most important economic effect of increased 
dextran levels is that factory capacity is reduced. This is due to the 
combined effects of increased viscosities, which increase boiling, and 
evaporation times, and decrease crystallization rates. Thus an increase 
occurs in the time required to manufacture unit weight of sugar and 
the milling rate may have to be inversion [1]. 
5. Scale formation: Other secondary effects due to dextran include 
excessive scale-up of heaters and evaporators which leads to poor 
transfer. This combined with increased viscosities increases the 
boiling time and hence leads to greater loss of sucrose by inversion. 
6. Crystal shape: It has been shown that dextran not only retards the 
overall crystallization rate of sucrose, but it selectively retards growth 
along the( a) and (b) axes. This results in needle-shaped crystals 
elongated along the (c) axis. Needle-shaped raw sugar crystals are 
highly undesirable for several reasons. Firstly, they reduce the 
efficiency of purging of massecuites in the centrifuges, resulting in 
poor separation of crystal and molasses.  Secondary, the shape is less 
acceptable to the customer from an aesthetic viewpoint. Thirdly, and 
more important, the refining quality of the sugar is reduced. The 
degree of elongation was independent of starch, silica and phosphate 
content of the raw sugars, but a close relationship existed for gum 
content and a fairly close relationship for oligosaccharide content. It 
was clearly shown that gum present in the mother liquor is occluded 
in the crystal. Since little of the gums is removed by affination, it may 
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be deduced that gums originating in raw factory process materials are 
carried over into the refinery and can exert their harmful effects at all 
stages in refining beyond the melter [1]. 
7. Exhaustibility of massecuites and final molasses purity: The increased 
viscosity of massecuites coupled with reduction in crystallization rate 
due to dextran leads to a reduction in the exhaustibility of low-grade 
massecuites in crystallizers. Since crystallization takes longer in the 
presence of dextran, massecuites become cooler than normal, which 
increases the already abnormally high viscosity. Purging of such 
massecuites becomes difficult and inefficient, especially in batch 
centrifuges, due to the combination of high viscosity mother liquor 
and needle-shaped crystals. Raw sugar derived from these massecuites 
is sticky, and difficult to handle, dry and pack. The net result of these 
effects is an increase in the purity and volume of final molasses / ton 
cane, and hence a loss in sugar / ton cane [1]. 
8. Stickiness and gelling of molasses: Accumulation of gums in 
molasses is thought to be responsible for the phenomena of 
‘stickiness’ and occasional gelling of molasses in transit [1]. 
9. Losses of sucrose: Sucrose losses after the harvest of sugar cane and 
during the subsequent milling operation are one of the most serious 
problems in many sugar factories. The sucrose losses are as high as 10 
kg / ton cane ground, depending upon the nature of cane variety, time 
lag from harvest to milling, and ambient temperature. The loss profile 
of some commercial cane varieties grown in a sub-tropical region was 
evaluated based on their Commercial Cane Sugar (C.C.S), invert 
sugar, dextran, and acidity value. Biological losses of sucrose during 
milling were assessed in a sugar factory by estimating the rise in 
invert sugars, acidity and dextran; from primary to mixed juice [17]. 
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The sugar losses can be measured by different methods:                         
a) Total microorganism count.  
          b) Purity drop from a first expressed juice to mixed juice.  
          c) Glucose ratio (glucose / Pol or glucose / Brix).  
          d) Total sugar (as invert / ash).  
          e) Dextran analysis.  
However, methods d) and e) above are more reliable than any of the 
others and can be more closely correlated to actual sucrose losses. It is 
not easy to measure sucrose loss due to dextran formation in a routine 
manner. However, dextran cannot be formed without the presence of 
sucrose. Since one mole of sucrose, molecular mass 342 provides one 
mole of glucose having a molecular mass of 180, to form a dextran 
having a molecular mass of two million would require 11,111 moles 
of sucrose. The Robert’s copper method for dextran uses a calibration 
standard of 20,000 molecular mass, where one mole of dextran 
(20,000 molecular mass), will require 111 moles of sucrose. Thus by 
weight: 111 × 342 / 20,000 = 1.898  
Sucrose loss is approximately 1.9 times the dextran formed [18].  
A study cited was by Clarke et al, which established a relationship 
between dextran levels and sugar loss in raw sugars (Table 2.2) [14]: 
   
Table 2.2: Dextran levels and sugar loss in raw sugars 
Dextran level in juice, % Sugar loss, Lbs/ ton sugar produced 
0.05  (500 ppm) 4.4  (2 kg) 
0.10 (1000 ppm) 8.8  (4 kg) 
0.50 (5000 ppm) 44.0  (20 kg) 
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2.6  Minimizing the negative effects of dextran on sugar production 
There are two principal approaches for minimization of the harmful 
effects of gums in the process. Firstly, attempts can be made to prevent or 
minimize sour or stale cane, thus ensuring delivery of fresh cane to the 
factory, containing only the normal cane polysaccharides. Secondly, 
attempts can be made to remove polysaccharides from process materials at 
an early stage, before their full effects are made evident. Growth of 
polysaccharide forming micro-organisms in the process itself constitutes a 
separate problem. These problems can be minimized by application of the 
principles of ‘good housekeeping’ and chemical treatment with bactericides 
where necessary. As far as possible, the process materials should be 
maintained in a physical state which is inhibitory to microbial growth, e.g. 
high temperature, low or high pH, and high Brix. Where this is not possible, 
the process material should not be stored for extended periods [1]. 
 
2.6.1 Prevention of sour and stale cane 
Earlier in this review it was stated that there appear to be two major 
causes of abnormal polysaccharides in sugar cane prior to processing. One is 
the production of the bacterial dextran in stored cane by L. mesenteroides, 
following in infection of the cane at harvest (sour cane). The other is the 
formation of polymers such as ‘sarkaran’, in cane which has suffered 
excessive delay between cutting and grinding but which has not become 
infected (stale cane) [1].  
The most obvious solution to both of these problems is simply to ensure 
minimal delays between harvest or burning and milling. However, in 
practice it is not easy or even possible to ensure that all the cane received at 
a factory is fresh, due to unforeseen and unavoidable circumstances such as 
factory breakdowns, bad weather conditions, strikes, arson, etc. 
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Consequently, attention has been paid to other methods of minimizing these 
harmful effects of sour and stale cane, which are summarized as follows: 
(a) Breeding resistant varieties:  
It is well known that considerable varietals differences exist in resistance 
to deterioration after cutting. However, it is not known whether those 
differences are due to variations in resistance to infection, mechanical 
damage, drying out or auto-analysis. Obviously the validity of this 
approach must be determined by many factors, depending on the country 
and climate [1]. 
(b) Physical and chemical treatment of cane:  
Prevention of sour cane by application of physical methods commonly 
used in food preservation does not appear feasible on economic grounds. 
Modification of the physical environment of the cane to inhibit growth of 
L. mesenteroides can be successfully demonstrated in the laboratory, e.g. 
storage at low temperatures, heat treatment, control of pH and water 
irradiation etc. None of these methods could be economically applied on 
the field scale. The application of bactericidal or bacteriostatic chemicals 
inhibitory to L. mesenteroides has been considered. These could be used 
to prevent infection by killing Leuconostoc in its primary sources (i.e. 
soil or the cane plant) or on the vectors of infection (cutting instruments). 
Alternatively, they could be applied to the harvested stalks to inhibit 
growth after infection. Treatment of soil in cane fields or surfaces of 
standing stalks prior to harvest could only be achieved by aerial spraying 
of bactericides. Fungicidal dips of machetes and cane sets prior to 
planning are used to control certain cane diseases [1]. 
(c) Modification of harvest, transport and storage practices:  
As previously discussed, the most obvious solution to the problem of 
post-harvest deterioration, and consequent gum formation, is simply to 
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mill the cane before significant deterioration occurs. The objective was to 
ensure that chopped cane was milled within 12-18 hours of harvest. With 
whole-stalk cane the maximum desirable delay period is longer, and it is 
generally agreed that 24-36 hours is acceptable. Attention to some other 
aspects of harvest, storage and transport may help to minimize gum 
formation in sour and stale cane. The practice of burning cane prior to 
harvest appears to induce more rapid polysaccharide formation than in 
green cane. Minimization of mechanical damage to cane helps to prevent 
infection. This includes prevention of disease, freeze damage, and 
method of harvest (e.g. chopped-up vs. whole-stalk; mechanical vs. 
manual). 
(d) Quality control tests and penalties:  
Establishment of quality standards for cane entering the factory, 
especially for gum or dextran content, could provide incentive to growers 
to supply fresh cane, if the penalty system was imposed [1]. 
 
2.6.2 Removal of dextran and its cause 
A total mill sanitation program of both physical cleaning and biocide use 
is necessary to prevent direct losses caused by Leuconostoc mesenteroides 
inversion of sucrose to form dextran. Continuous biocide addition and 
physical cleaning by spraying hot water every 8 hours minimum, or as 
needed, are integral parts of an effective mill sanitation program. It is 
important that the biocide residual be maintained throughout the milling 
process in order to inhibit further growth or recurring contamination. Sugar 
losses around the factory can be attributed to the following causes: 13 % by 
chemical inversion, 25 % by enzymatic effect, and 62 % by microbiological 
inversion. By practicing good mill sanitation with biocide treatment, 
additional sucrose recovery of 1.0-8.0 Kg per ton of cane ground may be 
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achieved. If sugar factories do not address this problem, they are allowing 
continuing uncontrolled loss of sugar [3]. 
Along with control of additional dextran formation by microbiological 
contamination in the mill tandem, the factory must also address processing 
problems caused by dextran levels already present in the cane as it arrives 
from the field. The dextrorotatory characteristic of dextran affects the pol 
reading of juice, resulting in false juice purity readings. Other effects, 
leading to undetermined loss of sucrose include poor clarification, increased 
viscosity of massecuites, crystal elongation, reduced crystal growth rates, 
formation of false grain, difficulty centrifuging low grade massecuites, and 
high purity of final molasses [3]. 
Since there appears to be no effective method for prevention of dextran 
formation in sour and stale cane, an alternative solution may lie in the 
removal of gums from the process before they can exert their harmful 
effects.  
In the laboratory, polysaccharides can be hydrolyzed by heating with acids, 
but in a sugar process this would also cause sucrose inversion. Dextran can 
be partially degraded by exposure to ultrasonic waves and ultraviolet light, 
but the process is inefficient. Physical methods such as ultrafiltaration, 
dialysis, and reverse osmosis are useful methods of polysaccharide removal 
on a small scale, but at present their technology is not sufficiently developed 
to render them economic for use in sugar processes [1]. 
Perhaps the most promising method for removal of dextran from the process 
is enzyme treatment. Enzymes possess the advantages of high specificity, 
activity under mild conditions of temperature and pH, low toxicity, and 
small dosage requirement [1]. 
The prevalence of microorganisms in freshly extracted cane juice and their 
ability to induce losses in recoverable sucrose have resulted in a great deal of 
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study of means to reduce these losses by the addition to the juice of certain 
effective bacteriostatic agents.  
The sugar cane brings to the factory a high concentration of viable 
microorganisms, but most of them are washed off into the extracted juice, 
where, if the temperature level is within the growth limits, microbial 
development immediately occurs. By good housekeeping of milling station, 
the application of steam jetting at the joints and chain links can be 60 % 
effective; the remainder can be treated biochemically [10]. 
Justification for the use of process chemicals will be presented using 
Webster’s definition of justify which, in law, is: “to show an adequate 
reason for something done.” [18]. Analyzing this definition to identify, within 
the framework of sugar processing, those aspects which must be fulfilled in 
order to satisfy the definition. The definition contains four parts, each of 
which will be expanded upon in the discussion of process chemicals as 
follows: 
Something = Process chemicals 
Done = Applied to produce an intended effect 
Adequate reason = Benefits derived from use 
To show = Results of use 
The following discussion is going to address two specific process chemical 
categories biocides and enzymes to minimize some of dextran effects in the 
sugar factory. 
 
1- Biocides 
Biocides, or bactericides, are organic compounds designed to kill 
bacteria. In the sugar industry there are several proprietary biocides available 
that are intentionally added to control Leuconostoc bacteria. Two classes of 
biocides important to the sugar industry are the carbamates and the 
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quaternary ammonium compounds. Although they differ in composition, 
they are all intended to kill or retard the growth of the Leuconostoc 
microorganism and prevent it from decomposing sucrose into dextran [18]. 
One of the carbamate formulations referenced in the Cane Sugar Handbook 
[10] contains: 
Potassium N-methyl dithiocarbamate                             17.5 % 
Disodium cyanodithioimido carbonate                           12.7 % 
Ethylene diamine                                                              4.8 % 
Inert Ingredients                                                              65.0 % 
Another carbamate formulation tested in Hawaii contains: 
Sodium dimethyldithiocarbamate                                  15.0 % 
Disodium ethylenebisdithiocarbamate                          15.0 % 
Inert Ingredients                                                            70.0 % 
Biocides are not intended to be used alone in sugar mill applications. Dirt 
and debris that comes to the factory with cane can accumulate on and around 
the milling tandem. This must be physically removed by manual cleaning to 
avoid accumulations of dirt at dead spots where bacteria may attach 
themselves and flourish. Colonized bacteria form protective slime layers 
which protect them from the biocide concentration. With proper 
housekeeping to prevent gross accumulation of the bacterial slime, the 
biocide is then available to control the microorganisms, resulting in the 
prevention of sucrose loss, and further the prevention of the formation of 
dextran - organic compounds that are detrimental to sugar processing [18]. It 
is therefore evident that the application of biocide serves a two-fold purpose: 
a) To reduce sucrose loss. 
b) To avoid or reduce the formation of dextran / gummy substances in juice. 
Since biocide is to be applied in conjunction with physical cleaning of the 
mills, both have to be carried out thoroughly and in a coordinated manner. 
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For the physical cleaning, a simple schedule for manual cleaning has been 
recommended to more than 50 factories with appreciable success. It should 
be carried out once every eight hour shift with pressurized (50- 60 psig) hot 
water, with an interruption of 3-5 minutes in cane feeding. At the same time, 
biocide is continuously being fed to the assigned locations at a 
predetermined rate [18].  
Some suppliers recommend adding the biocide into the juice at the next to 
the last mill while others recommend adding it to both the last mill and to 
knifed cane. In either application, the rate of feeding has to be regularly 
monitored by factory personnel. If the physical cleaning of the milling 
tandem is not carried out, the intended effect of adding the biocide cannot be 
achieved efficiently. Hence, the economic benefits are not realized. This 
does not demonstrate that the biocide does not work. It only confirms that 
improper use of the biocide produces the incorrect conclusion that it does 
not work [18]. 
In the early 1960’s, Chen encountered some white gelatinous substance 
removed from juice heaters in a factory in Peru. It was identified as dextran 
and was the starting point of a long series of tests carried out in the 
following years proving that physical cleaning can only achieve 50- 60 % of 
mill sanitation, and that dextran formation could not be avoided without the 
addition of a biocide [18]. 
 
2 - Enzymes (Dextranases): 
Enzymes named dextranases have been used in U.S. sugar manufacture 
to break down unwanted dextran into smaller, more manageable molecules. 
However, dextranase application is still not optimized because of 
misinformation about where to add the enzyme and which enzyme to use. 
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The major contributor to sugar cane deterioration in the US, particularly 
Louisiana where humid conditions prevail, is from Leuconostoc lactic acid 
bacterial infections. Such infections mostly occur after severe freezes, when 
cut-to-crush times are delayed, and are also impacted by the harvesting 
method, and because of poor mill hygiene [19]. 
Leuconostoc species produce an extracellular exo-enzyme dextransucrase 
which catalyzes the production of dextran from sucrose. Most dextrans in 
the sugar industry are linear, but some branching may occur. Moderate and 
severe dextran in the factory (>1000 ppm on Brix in mixed juice) has long 
been acknowledged as an interrupter of normal processing operations.  
Not only does the formation of dextran causes expensive sucrose losses, but 
also as mentioned later the high viscosity associated with this polysaccharide 
often slows evaporation and crystallization rates, raises losses of sucrose to 
molasses, and distorts factory pol readings. Worse still, the factory is 
penalized by refineries on dextran in the raw sugar. 
Although clarification processes remove some dextran, commercial 
dextranase has been used in sugar cane factories to breakdown dextran,      
by hydrolyzing α - (1→ 6) linkages endogenously, into smaller, more 
manageable molecules, and has been used in sugar beet processing. In some 
Louisiana factories dextran concentrations 800 ppm on Brix in mixed juice 
cause the staff to add dextranase, whilst other factories just add it when 
factory processes are obviously suffering [19]. 
The application of dextranases in the sugar industry was pioneered in 
Australia in the 1970s, and the comprehensive review of this work by 
Inkerman is recommended. Dextranase activity is governed by the pH, 
temperature, residence time, agitation, substrate concentration, type and 
concentration of enzyme applied, and initial amount of dextran present. 
Usually, the higher the dextran concentration the more hydrolysis of dextran 
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occurs. The use of dextranase is a routine procedure in Australian raw sugar 
factories, when dextran levels are high and detrimentally effect processing. 
The properties of commercially available dextranases governed the selection 
of the addition point in the factory and dextranase is usually added in 
holding juice tanks, just before clarification, with minimum residence time 
of 15 min and temperatures of 55– 60ºC. Australians have not advocated 
addition of dextranases in high Brix syrup evaporators or tanks because 
dextranases are not as stable at high syrup temperatures as amylases,  that 
are routinely used for starch breakdown in syrup, or at unfavorable syrup pH 
( > 6 ), and the Brix has a marked inhibitory effect. In comparison, in South 
Africa where diffusers are used, dextranase application in diffuser cane 
juices was deemed unsuitable mostly because of the high temperatures [19]. 
Consequently, application of dextranases to evaporator syrups has been 
advocated but over a 30 min residence time, which is not usually available in 
US factories. Some US dextranase studies have occurred since the late 
1970s. Polack and Birkett indicated the possiblility of using dextranase in 
plant trials. DeStefano, using laboratory trials, compared the application of 
several US commercial dextranases for use in mixed juice, final evaporators 
and syrup storage. DeStefano advocated the addition of dextranase in syrup 
storage tanks as the volumes of material to be treated were smaller and some 
clean-up had already been achieved via clarification. However, it was 
acknowledged that the pH and Brix of the syrup are not optimum and 
relatively higher levels of dextranase would have to be added compared to 
juice. In the mid 1990s, Edye et al. conducted factory trials of a dextranase 
from the fungus Cheatomium gracile that was stated to be more temperature 
stable. Cuddihy and Day have discussed some of the financial implications 
associated with dextranase treatment. However, the problem with these few 
US dextranase studies is that they never stated the activity of the enzymes 
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they were applying, and this has led to enormous confusion concerning the 
appropriate concentration of each commercial dextranase to add. 
Furthermore, there is no uniform or factory usable method for dextranase 
activity in the sugar industry [19]. 
Since 1996 many Louisiana, US factories have been utilizing dextranase, but 
the point of application is extremely varied, and reports from some factories 
have indicated that dextran degradation is very limited and the economical 
use of the enzymes has been questioned [19]. 
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CHAPTER THREE 
MATERIALS AND METHODS 
 
3.1 Materials 
The study was conducted in two main parts; the first part was to monitor 
changes in the quality of juice extracted from canes that were stored for 
successive days (0 to 4 days after harvest). The other part of the study was to 
monitor the quality of different products in cane sugar factory process.                                     
Samples were taken during different periods of the 2005/2006 crop (Nov 
2005, Jan 2006, and Feb 2006), where sugar cane of variety (NOC 6806) 
being crushed. The study covered three continuous ratoons of sugar cane 
(Plantation, 1st Ratoon, and 2nd Ratoon).                                            
Samples of first part comprised both green and burnt cane, also whole stalks 
and chopped. The samples of 40 whole, healthy stalks (20 green and 20 
burnt) were selected randomly from fields belonging to Algunied area. 
Harvesting of the cane was manual and stalks were topped to remove leaf 
material.  A half of green and burnt stalks were chopped into billets of 
approx 45 cm in length and kept in polyethylene bags. Samples were 
immediately transported to the laboratory for analysis after 0,1,2,3, and 4 
days storage at room temperature.       
The prepared cane juice was tested immediately to examine the deterioration 
and dextran formation; concurrently changes in juice pH, pol, Brix, color, 
viscosity were measured. Other relevant data such as apparent purity and 
available sugar (commercial cane sugar C.C.S) were calculated. The 
following plates show the different samples of sugar cane.                          
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Plate 3.1: Green long sugar cane 
 
 
Plate 3.2: Green chopped sugar cane 
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Plate 3.3: Burnt long sugar cane 
 
Plate 3.4: Burnt chopped sugar cane 
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For preparation of cane juice, sub-samples of about 1 kg from each cane 
sample were daily chosen, shredded and squeezed in a disintegrator by wet 
disintegration method [20], using Jaffco wet disintegrator (Model 291) that is 
shown in plate 3.5. 
 
Plate 3.5: Jaffco wet disintegrator (Model 291) 
 
For the evaluations of the second part in Algunied factory samples of both 
mixed and clear juices, as well as samples of syrup, final molasses and 
commercial sugar were prepared.   
Samples of the mixed juice were taken at the outlet of the screen, while 
those of syrups, final molasses and commercial sugar were successively 
taken with consider of the retention times at the various factory equipments.      
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To determine dextran formation two groups of samples were taken during 
the crushing season 2005/06 (Nov 2005, and Jan 2006). For the first group 
of samples no biocide or chemical mill sanitation was added to raw cane 
juice. The other group of samples was taken from the treated juice with 
biocide (Sodium Dimethyl Dithiocarbamate, 3 ppm on juice). Each group of 
readings was taken four times in four days.                                                                                 
All factory samples were analyzed for Brix, pol, apparent purity, pH, color, 
viscosity, available sugar, and dextran (ppm on Brix).  
 
3.2 Methods   
3.2.1 Dry substance (solids content) Brix: 
The Brix was measured using an index instrument temperature controlled 
Abbe` Refractometer (Atago’s Model 3) in plate 3.6 after the filtration of 
samples with kieselguhr (1% on solids) through filter paper according to 
standard method [20]. 
 
Plate 3.6: Abbe` Refractometer (Atago’s Model 3) 
 43
3.2.2 Pol 
Firstly, the samples were treated with adding basic lead acetate, and then 
filtered through filter paper according to standard method [20]. Pol was 
determined using Sacchrimeter (Model PE, 05001) as shown in plate 3.7. 
 
Plate 3.7: Sacchrimeter (Model PE, 05001) 
 
3.2.3 Apparent purity 
The purity of sugar product is the cane sugar present in percentage terms 
of the solid matter. Since the sugar can be expressed as pol, and the solid as 
Brix [10]. Apparent purity that generally known as purity was derived as 
follows: 
                       Apparent purity % = [Pol /Brix] × 100                          (3.1) 
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3.2.4 pH 
pH meter (Model JENWAY 3310) with glass electrode was used for pH 
measurement. Plate 3.8 shows the pH meter used according to standard 
method [20]. 
 
 
Plate 3.8: pH meter (Model JENWAY 3310) 
 
3.2.5 Color 
The samples were filtered with kiesleguhr (1% on solides) through filter 
papers, and the pH was adjusted to 7+ 0.2 with diluted hydrochloric acid or 
sodium hydroxide. Then the absorbency of the samples was determined at 
560 nm for juices and 420 nm for sugar according to standard ICUMSA 
method (1979)[21], using filtered distilled water as the reference standard for 
zero color, by Spectrophotometer (Model JENWAY 6305) that is shown in 
plate 3.9. 
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The absorbency index of the solution was calculated as follows: 
                    Absorbency index as = - log 10T s / bc = As /bc                  (3.2) 
Where:  
T s = transmittancy,                                                                             
As = absorbency,  
b = cell length (cm), and     
c = concentration of total solids (g/cm3) determined refractometrically and 
calculated from density.          
This value (as) multiplied by 1000 is reported as ICUMSA units (I.U.x) 
where x= wavelength used in nm. 
 
Plate 3.9: Spectrophotometer (Model JENWAY 6305) 
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3.2.6 Viscosity  
Viscosity of samples was measured on a digital rotation Viscometer 
(Model Visco Basic + R) the rpm rate applied was 100 rpm, in centipoises 
(cp). This Viscometer is shown in plate 3.10.  
 
 
 
Plate 3.10: Viscometer (Model Visco Basic + R) 
 
3.2.7 Available sugar 
Available sugar formulas afford the most scientific method of cane 
evaluation. Australian commercial cane sugar (C.C.S) formula was used to 
calculate available sugar in cane juice [10]. 
              C.C.S = 3 P / 2 [1- (F+5) / 100] – B / 2 [1-(F+3) / 100]         (3.3) 
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Where:  
P = Pol % in first expressed juice  
B = Brix % in first expressed juice 
F = Fiber % cane 
This formula therefore based on the arbitrary recovery formula   
C.C.S = Pol in cane – (Impurities in cane / 2) 
Where: Impurities in cane = Brix in cane - Pol in cane 
 
3.2.8 Dextran analysis 
The Robert’s Copper method for dextran analysis was used [10]; the 
method involves precipitating all polysaccharides from the sample using 
absolute alcohol. Dextran is selectively precipitated from the mixture by 
alkaline CuSO4. It is then determined colorimetrically at 485 nm using 
Spectrophotometer (Plate 3.9). The value of the dextran as ppm on Brix is 
computed from a previously prepared standard calibration curve using a 
dextran standard (Fluka Chemie AG CH-9470 Buchs, Dextran aus 
Leuconostoc ssp (C6H10O5) x, Mw 15000-20000 packed in Switzeland). 
Robert's Copper method for dextran analysis as described in Sugar 
Handbook, 1985, pp. 905-909 [10].  
This method is adopted by Savannah Raw Sugar Contract. It can be used on 
raw and refined sugars, cane juice, syrup, and molasses. It is a quantitative 
method for total dextran, in which all of the polysaccharides are separated 
from the sugar by precipitation with 80 % ethanol, and dextran is then 
selectively precipitated from the polysaccharide mixture with alkaline 
copper sulfate. The dextran in the precipitate is then determined 
colorimetrically. Neither starch nor the indigenous polysaccharide (ISP) are 
precipitated by copper sulfate and therefore do not interfere in the method, 
protein and salts do not react with the colorimetric reagents. The method is 
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fairly rapid and requires no unusual chemicals, and the results are 
reproducible and independent of the molecular weight of the dextran. 
Because the dextran is separated out of the sugar, this test is suitable for use 
on dark colored materials. Glucose may be used as a standard for this test.                             
1. Reagents 
- Absolute ethyl alcohol: (80 % absolute ethyl alcohol (v/v)): 80 ml of 
absolute ethyl alcohol were diluted with 20 ml of distilled water. 
- 2.5 N Sodium hydroxide solution: 100 g of sodium hydroxide were 
dissolved in water, diluted to 1000 ml, and saturated with sodium sulfate. 
- Copper reagent: A stock solution was prepared by dissolving 3.0 g of 
CuSO4.5H2O and 30.0 g of sodium citrate separately in small amounts of 
water, then mixed the two and diluted to 1000 ml with 50 ml of water and 
dissolved in this 12.5 g of anhydrous sodium sulfate. This reagent was 
freshly prepared each day. 
- 5 % phenol solution: 5.0 g of pure phenol were dissolved in water and 
diluted to 100 ml. This was freshly prepared weekly. 
- Wash solution: 10 ml of the copper sulfate reagent and 10 ml of 2.5 N 
sodium hydroxide were added to 50 ml of water. This was prepared daily. 
- 10.0 % Trichloroacetic acid solution: 10.0 g of trichloroacetic acid were 
dissolved in water and diluted to 100 ml. This solution was stored for two 
weeks. 
- Concentrated sulfuric acid: (2.0 N sulfuric acid): 98 g of concentrated 
sulfuric acid were dissolved in water and diluted to 1000 ml. 
2. Preparation of standard curve 
500 mg of dextran T2000 or any standard dextran, or glucose, were 
weighed in a weighing dish and dried in an oven at 105ºC for 4 h and then 
weighed, the moisture content was calculated by difference. Another 500 mg 
sample were dissolved (allowing for the moisture content) in distilled water 
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and diluted to 500 ml in a volumetric flask. The pre-dried dextran was not 
used because of the possibility of retro-gradation and reducing solubility. 
This solution contained 1.0 mg of dextran per ml of solution. 100 ml of this 
solution were diluted to 1000 ml. This solution contained 0.1 mg of dextran 
per ml. Aliquots of this solution were diluted as shown in Table 3.1. 
 
Table 3.1: Prepared dextran solutions for preparation of standard curve 
mg/ml Dextran,  
if glucose used as 
standard 
mg/ml Dextran, 
 if standard 
dextran used 
Dilute to ml  
Stock solution 
0.009 0.01 100 10 
0.018 0.02 100 20 
0.027 0.03 100 30 
0.036 0.04 100 40 
0.045 0.05 100 50 
0.054 0.06 100 60 
0.063 0.07 100 70 
0.072 0.08 100 80 
0.081 0.09 100 90 
0.090 0.10 - 100 
 
3. Phenol-sulfuric acid color development with dextran 
2 ml of each dextran were placed in a 20 mm × 150 mm test tube. 2 ml of 
water were placed in another test tube for use as a blank. To each test tube 
was added 1 ml of 5% aqueous phenol solution. Then 10 ml of concentrated 
sulfuric acid was added rapidly all at once from a barrel pipet with a large 
bore opening so that the acid mixed completely with the aqueous solution 
producing a maximum of heat. A plastic syringe pipet was used to add the 
acid. The tubes were placed in a boiling water bath for 2 min to insure 
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complete color development. When the solutions have cooled to room 
temperature (20-30 min) the color was read on spectrophotometer at 485 nm 
against the blank prepared with 2 ml of water. The color readings were then 
plotted on graph paper. If the color was read as optical density or absorbance 
the values were plotted on square paper. The curve was used to determine 
the dextran corresponding to the color measurements in the unknown 
solutions. 
4. Analytical procedure: sugars and syrups 
A sample of 40 g of the sugar (or weight of syrup to contain 40 g sugar) 
to be tested were dissolved in 60 ml of water and adjusted quantitatively to 
100 ml in a volumetric flask. Then 10 ml of the sugar solution were placed 
in a 100 ml beaker, and 0.3 - 0.4 g of analytical filter aid and 40 ml of 
absolute alcohol were added. The precipitate that formed was collected with 
the filter aid on 15 ml coarse sintered glass Buchner filter. The precipitate, 
which contained the dextran, was washed by filling the filter with 80 % 
alcohol five times, allowing each portion to be completely drawn through 
the precipitate before the next portion was added. When the last portion has 
been drawn through the precipitate, the precipitate plus filter aid was 
transferred to a 25 ml volumetric flask. This may conveniently was done by 
first placing a long-stem funnel in the volumetric flask. Turn the Buchner 
funnel containing the precipitate upside down in the long stem funnel, fill 
the stem of the Buchner funnel with water from a wash bottle, blow the 
precipitate, and filter aid out. The Buchner funnel was washed with water 
from a wash bottle several times allowing the wash water to go into the 
volumetric flask. The volume was then adjusted to the mark with distilled 
water and the solution was shaken and then filtered through a Whatman 
No.42 fluted filter paper. The dextran was in filtrate. 
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2 ml of the 2.5 N sodium hydroxide reagent were placed in each of 10 
centrifuge tubes. 10 ml of sample filtrate and 2 ml of the copper reagent 
were added to each tube. The tubes were placed in a boiling water bath for 5 
min to precipitate the dextran-copper complex. At the end of 5 min the tubes 
removed and allowed them to cool 15-20 min. The tubes were then 
centrifuged at 5000 G for 20 - 30 min to compact the sediment so the 
supernatant solution can be decanted without disturbing the sediment. Then 
10 ml of the wash solution were added to each tube, and the tubes swirled to 
suspend the sediment in the solution. The tubes were centrifuged again, the 
supernatant liquid was decanted and the tubes were inverted on a blotting 
surface and allowed to drain for 5 min. The sediment was dissolved in 2 ml 
of 2N sulfuric acid and the solution was transferred quantitatively to 10 ml 
volumetric flasks. A second 2 ml portion of 2 N sulfuric acid was added to 
each tube as a wash and this was also transferred quantitatively to the 10 ml 
volumetric flasks. The solutions were then diluted to the mark with distilled 
water. 
5. Phenol-sulfuric acid color development 
2 ml of each dextran-copper complex solution, just described, were 
placed in a 20 mm × 150 mm test tube. 2 ml of water in another test tube for 
use as a blank were placed. To each test tube 1 ml of 5 % aqueous phenol 
solution was added. Then 10 ml of concentrated sulfuric acid was added. An 
automatic plastic syringe was used to add the acid. The tubes were placed in 
a boiling water bath for 2 min to insure complete color development. When 
the solutions were cooled to room temperature (20-30 min) the color was 
read on a spectrophotometer at 485 nm against the blank prepared with 2 ml 
of water. 
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6. Analytical procedure: Cane juice 
The Brix of the juice was firstly determined. Then 10 ml of juice was 
placed in a 100 ml beaker, 0.3-0.4 g of analytical filter aid and 1 ml of the 10 
% trichloroacetic acid were added to the juice and mixed, and 40 ml of 
absolute alcohol were added. The same procedure as described for sugar was 
then followed, beginning with the first filtration step. 
7. Calculation on solids 
Calculate dextran, ppm (mg / kg), on solids as follows: 
                   ppm = F× E × (C / D) × (1 / B) × (100 / A) × 100         (3.4) 
Where: 
A = weight of sample solids diluted to 100 ml 
B = aliquot taken for alcohol precipitation (ml) 
C = ml of solution of alcohol precipitate 
D = aliquot taken for copper precipitation (ml) 
E = ml of final solution of copper-dextran complex 
F = mg / kg dextran (from standard curve) 
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CHAPTER FOUR 
RESULTS AND DISCUSSION 
 
4.1 Introduction  
In sugar manufacture, the quality of the sugar cane supplied to the factory 
plays the most important role in production costs. It is well known that 
deteriorated sugar cane detrimentally affects processing in the factory, which 
can sometimes lead to a factory shutdown. Not only does deteriorated sugar 
cane cause reductions in profits because of sucrose losses, but also 
production costs often increase dramatically. The decrease in sugar cane 
quality during processing leads to increases in the demand for lime, because 
of associated higher acidity increases in the use of processing aids, such as 
expensive commercial dextranases and flocculants. This retards the settling 
time in clarifiers and prevents satisfactory removal of suspended impurities, 
impedes filtration of mud, and often slows factory flow and crystallization 
rates. Higher levels of invert and other deterioration products raise the 
cumulative melassagenic effect in the process streams, causing an 
uneconomic rise in molasses purity and quantity. Falls in recoverable sugar 
occur, raw sugar yield and quality are reduced, and some factories can incur 
raw sugar dextran penalties from refineries [22]. 
An indication of cane deterioration, represented by dextran content, will 
only be useful if it can be directly related to one or more processing 
problems in the factory that are known to occur when low quality, 
deteriorated sugar cane is being processed. Moreover, the measure of 
deterioration should vary predictably as the quality of the deteriorated sugar 
cane changes. As a consequence, the major objective of this study was to 
assess sugar cane deterioration indicators for their effects on juice 
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processing parameters and their associated ability to predict processing 
problems by statistical correlation analysis. 
Correlation analysis is used to study the relationship between two or more 
variables, and knowledge of the mathematical relationship between two or 
more of these variables is often very useful. Such knowledge enables the 
estimating or predicting a variable that difficult or expensive to measure by 
using knowledge of a variable that is easy to or expensive to measure. 
The r-squared value r2, or R2 as in charts, is the coefficient of determination. 
It represents the proportion of common variation in the two variables, and it 
can be interpreted as the proportion of the variance in y (process parameters) 
attributed to the variance in x (dextran content). In order to evaluate the 
correlation between variables, the coefficient of determination is frequently 
expressed in per cent rather than as a proportion. It can be shown that 0.0 < 
r2 < 1.0, where zero means no relationship at all, while 1.0 means a perfect 
relationship between the two variables tested. 
 
4.2 Standard curve for dextran analysis 
The standard curve for dextran analysis was prepared with standard 
dextran (M 15,000-20,000) by Robert’s Copper Method for dextran 
analysis. The curve reads total weight of dextran (mg/ml) vs. absorbance of 
dextran solutions. The absorbency (ABS) of dextran standard solutions is 
shown in Table 4.1, and the standard curve for dextran test between dextran 
and absorbency is plotted in Fig 4.1.      
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Table 4.1: The absorbency (ABS) of dextran standard solutions 
 
Dextran 
mg/ml 
 
0 
 
0.01 
 
0.02
 
0.03 
 
0.04 
 
0.5 
 
0.06 
 
0.07 
 
0.08 
 
0.09 
 
0.1 
 
ABS 
 
0.002
 
0.008
 
0.01
 
0.013
 
0.015
 
0.022
 
0.035
 
0.046
 
0.052
 
0.058
 
0.06
 
 
 
y = 0.5992x
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Fig 4.1: Standard curve for dextran analysis 
 
 
4.3 Investigation of the effects of delay time and harvest system on 
dextran content and parameters of extracted sugar cane juice 
The study covered the effects of delay time between harvesting and 
grinding, on dextran contents and other parameters of sugar cane juice for 
three continuous ratoons of sugar cane variety NOC 6806; these are 
plantation, 1st ratoon, and 2nd ratoon. In addition four specifications of 
harvest system namely, green long cane, green chopped cane, burnt long 
cane, and burnt chopped cane for each ratoon were considered.  
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4.3.1 Analysis of plantation cane  
The changes in the quality due to dextran formation for juice extracted 
from plantation cane samples (green long cane, green chopped cane, burnt 
long cane, and burnt chopped cane) were daily analyzed for successive five 
days in Nov 2005; the day of harvest and four days delaying after harvest 
day. The prepared cane juice was tested immediately for determining 
dextran content and changes in juice parameters, namely Brix %, pol %, pH, 
color, and viscosity. Other relevant data such apparent purity %, and 
commercial cane sugar (C.C.S) were calculated. The results obtained were 
analyzed via statistical analysis to formulate a relationship (correlation) 
between the dextran content and each of the juice parameters. 
   
• Dextran content  
The results summarized in Fig 4.2 show that, in all different samples of 
plantation cane, the dextran content successively increases as delay time 
increases. This is because the sugar cane is easily subject to microbial 
infection that produces dextran and delays between harvesting and grinding 
allow more time for infection and deterioration, which can cause a build up 
of microorganisms and an increase in dextran production. This agreed with 
argue of Clarke, which stated that, the delay between harvesting and 
crushing is a major factor in dextran production in the field [23].      
The significant differences between these samples increased gradually until 
fifth day. Results showed that the chopped cane (green and burnt) 
deteriorated at a faster rate than long cane (green and burnt). This is because 
the chopped-up cane greatly increases the degree of infection of cane with L. 
mesenteroides.  Also the results show that, the dextran levels in chopped 
cane increase markedly with elapse of time after cutting, which indicates 
that the deterioration rapidly occurs in chopped cane than in long cane upon 
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delaying. This could be due to the more damaged sites which allow the entry 
of microorganisms to produce more dextran. This coincides with what Egan 
established in that, the chopped cane deteriorated much faster than whole 
stalk cane due to excessive damaged and infection caused by mechanical 
chopped harvester [1]. On the other hand the green chopped cane (3430 ppm 
on Brix) is subjected to lower losses than burnt chopped cane (4387 ppm on 
Brix) with respect to dextran formation. This is because the heat causes 
cracks in the stalk surface that allow microorganisms to enter, thereby 
enabling faster deterioration in burnt cane than in green cane. This agreed 
with observation made by Foster et al, which stated that the rate of dextran 
formation was much higher in burnt cane than in green cane [1]. 
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Fig 4.2: Effect of delay time and harvest system on dextran content in 
plantation cane 
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• Brix 
Samples of green long plantation cane were tested in five consecutive 
days from harvest day, i.e. delay time was four days. Results revealed that 
the decrease in the Brix of juice extracted was from 18.91 to 16.54 in five 
days, while the dextran content increased, Fig 4.3(a). The correlation was 
poor between dextran and Brix (r²= 0.331), Fig 4.4(a). Also Fig 4.3(b) 
explains that in green chopped plantation cane there are little marked 
changes in Brix of about 1% cane; comparatively the high changes in 
dextran content reaches up to 4944 %. This was shown clearly in poor 
correlation between dextran and Brix (r²= 0.281) in Fig 4.4(b). Fig 4.3(c) 
shows that the effect of delay time on dextran content and Brix in burnt long 
plantation cane resulting in highly increasing of dextran content, 
accompanied with slight increase in Brix. This appears in poor correlation 
between dextran content and Brix (r²= 0.391) as shown in Fig 4.4(c). 
Although the dextran content of burnt chopped plantation cane increased 
very much with delay time, the Brix had irregular values showing little 
decrease as shown in Fig 4.3(d). Fig 4.4 (d) explains the very poor 
correlation (r²= 0.057) between dextran content and Brix. 
The previous results of plantation cane samples indicated that there is no 
clear relationship between dextran content and Brix. Therefore the changes 
of Brix may not be considered as a good indicator to dextran presence. 
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(a) Green long plantation cane
0
200
400
600
800
1000
1 2 3 4 5
Day
D
ex
tra
n 
co
nt
en
t 
(p
pm
 o
n 
B
rix
)
10
12
14
16
18
20
B
x 
%
 c
an
e
 (b) Green chopped plantation cane
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 (c) Burnt long plantation cane
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 (d) Burnt chopped plantation cane
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Fig 4.3: Effect of delay time on dextran content and Brix in different 
samples of plantation cane 
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(a) Green long plantation cane
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Fig 4.4: Correlation between dextran content and Brix upon delaying in 
different samples of plantation cane 
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• Pol  
The results in Fig 4.5(a) show that, the delaying for green long plantation 
cane causes a decrease in pol (sucrose content) of the extracted juice within 
five days as, 13.8, 13.32, 12.11, 12.56, and 10.76 % cane respectively 
accompanied with increasing in dextran content. The low sucrose and high 
dextran are due to the conversion of sucrose to reducing sugar and 
subsequently dextran formation. Similar results had been already reported by 
Densay el at [24]. The results in Fig 4.6(a) show that, the dextran was 
strongly correlated to pol (r²= 0.759). The data in Fig 4.5(b) show that the 
delaying for green chopped plantation cane causes a little decrease in pol 
13.1% cane to 10.55% cane, accompanied with high increase in dextran 68 
ppm on Brix to 3430 ppm on Brix. This is confirmed by the poor correlation 
(r²= 0.048) between dextran and pol as shown in Fig 4.6(b). 
Fig 4.5(c) illustrates that the delay time on burnt long plantation cane led to 
decreasing of pol values from 10.78 % cane to 9.39 % cane. It also affected 
the dextran content by increasing its value from 110 to 646 ppm on Brix. Fig 
4.6(c) shows the strong correlation (r²= 0. 809) between dextran and pol 
upon delaying. Also for burnt chopped plantation cane, the increasing in 
dextran content accompanied with pol decreasing, Fig 4.5(d), this may be 
due to loss of sucrose as a result of deterioration, and Fig 4.6(d) shows the 
good correlation (r²= 0.587) between dextran content and pol. 
The previous results of plantation cane samples indicate that there is a good 
relationship between dextran content and pol. Therefore the decrease in pol 
may be a good indicator to dextran presence. 
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(a) Green long plantation cane
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(b) Green chopped plantation cane
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(c) Burnt long plantation cane
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(d) Burnt chopped plantation cane
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Fig 4.5: Effect of delay time on dextran content and pol in different samples 
of plantation cane 
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(a) Green long plantation cane
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Fig 4.6: Correlation between dextran content and pol upon delaying in 
different samples of plantation cane 
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• Apparent purity  
On the basis of the results in Fig 4.7(a) it appears that apparent purity in 
green long plantation cane decreases considerably with delay time. This 
decrease was noticeable after two days and it became very high after three 
days. The decrease was 72.89%, 72.1%, 71.28 %, 67.12% and 65.05% 
respectively. On the other hand, dextran content increased successively, 
accompanied by a marked decrease in juice purity due to cane deterioration. 
This result was emphasized by a very high correlation (r²= 0.994) between 
dextran content and apparent purity as shown in Fig 4.8(a). Results in Fig 
4.7(b) also indicate that, in green chopped plantation cane, the delay time led 
to the increase of dextran content gradually with decreasing of apparent 
purity. The strong correlation between dextran and apparent purity (r²= 
0.748) is shown in Fig 4.8(b).  The data in Fig 4.7(c) show that the delay 
time on burnt long plantation cane increased dextran content and decreased 
apparent purity correspondingly. While the dextran content increased within 
five days from 110 to  646 ppm on Brix, the apparent purity decreased 
clearly from 74.57 %, 72.75 % to 53.67 % respectively. There would appear 
to be a very strong correlation (r²= 0.990) between apparent purity and 
dextran content, Fig 4.8(c). The results in Fig 4.7(d) reveal that, for burnt 
chopped plantation cane dextran increased considerably with delay time 
between harvest and crushing from 117 to 4387 ppm on Brix within five 
days. The increase of dextran content was accompanied by a marked 
decrease in juice apparent purity due to corresponding deterioration of cane 
from 74.95% to 51.24%. These results emphasized by the very strong 
correlation (r²= 0.989) between dextran content and apparent purity in Fig 
4.8(d).  
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(b) Green chopped plantation cane
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Fig 4.7: Effect of delay time on dextran content and apparent purity in 
different samples of plantation cane 
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Fig 4.8: Correlation between dextran content and apparent purity upon 
delaying in different samples of plantation cane 
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• pH 
The data in Fig 4.9(a) show that in green long plantation cane there was a 
significant drop in pH from 7.58 to 5.93 within five days. It appears to be a 
very strong correlation (r²= 0.996) between pH value and dextran content, 
Fig 4.10(a). So Figures 4.9(b) and Fig 4.10(b) show that there is a very 
strong correlation (r²= 0.993) between dextran increasing and pH dropping 
in green chopped plantation cane upon delaying. And Fig 4.9(c) shows that, 
the pH value of extracted juices from burnt long plantation cane decreased 
gradually within five days. Fig 4.10(c) demonstrates the very strong 
correlation (r²= 0.993) between dextran and pH. 
The effect of delay time on dextran content and pH in burnt chopped 
plantation cane was shown in Fig 4.9(d), whereas the dextran content 
increased to amounts of 117, 181, 312, 568, and 4387 ppm on Brix 
respectively. In contrast, the corresponding decreases of pH values are 7.59, 
7.33, 7.12, 6.13, and 5.89 respectively. In Fig 4.10(d) it is clear that the pH 
correlates very strong (r²= 0.985) with dextran content. These changes in pH 
values may by due to formation of acids caused by deterioration which 
accompanied corresponding high values for dextran content. The results 
coincide with which Egan founded in 1971 that high levels of dextran are 
accompanied by correspondingly low values for pH, purity and C.C.S [25]. 
Accordingly to the previous results of apparent purity and pH of extracted 
juice from plantation cane samples indicate that there is a very strong 
relationship between dextran content and both of apparent purity and pH. 
Therefore the drops in apparent purity and pH values may be a very good 
indicator of dextran presence. 
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Fig 4.9: Effect of delay time on dextran content and pH in different samples 
of plantation cane 
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Fig 4.10: Correlation between dextran content and pH upon delaying in 
different samples of plantation cane 
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• Color  
Fig 4.11(a) shows that there are no significant differences in the color 
readings of extracted juice from green long plantation cane upon delaying. 
This result is illustrated by the poor correlation (r²= 0.272) between dextran 
content and color in Fig 4.12(a). In contrast of 4.11(b) there is a clear 
relationship between dextran increasing and color formation in green 
chopped plantation cane. Color increased when dextran increased 
progressively with time. It is proved by the strong correlation (r²= 0.901) 
between dextran and color that shown in Fig 4.12(b).       
As shown in Fig 4.11(c) the delay time on burnt long plantation cane 
increases dextran content and color correspondingly within five days. This is 
illustrated by the good correlation (r²= 0.682) between dextran and color 
shown in Fig 4.12(c). Also for burnt chopped plantation cane, the color 
clearly increased with the increase of dextran content and delaying as it 
shown in Fig 4.11(d). This is confirmed further by strong correlation (r²= 0. 
870) between dextran and color Fig 4.12(d).  
This good relationship between dextran and color was explained by 
degradation of sucrose into colorant compounds as the result of cane 
deterioration [4, 14]. 
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Fig 4.11: Effect of delay time on dextran content and color in different 
samples of plantation cane 
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Fig 4.12: Correlation between dextran content and color upon delaying in 
different samples of plantation cane 
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• Viscosity  
The Fig 4.13(a) indicates that in green long plantation cane the viscosity 
of extracted juice gradually increases with the increase of delay time and 
amounts to 11.2, 12.1, 12.3 12.4 and 12.9 centipoises (cp)  respectively. This 
is confirmed by a good correlation (r²= 0.778) between dextran and 
viscosity of extracted juice, Fig 4.14(a). The viscosity of green chopped 
plantation cane increased from 11.7 to 13 (cp), due to increase of dextran 
from 68 to 3430 ppm on Brix during five days as shown in Fig 4.13(b). This 
is confirmed by the strong correlation (r²= 0.832) between dextran and 
viscosity in Fig 4.14(b). A similar result was suggested by Tilbury stating 
that, in general, both dextran content and juice viscosity were directly 
proportional to time storage [1]. 
The data in Fig 4.13(c) also show that, both dextran content and juice 
viscosity of burnt long plantation cane are proportional to delay time. Where 
the dextran increased from 110 to 646 ppm on Brix, the viscosity also 
increased from 11.1 to 13.2 (cp) correspondingly. The strong correlation 
(r²= 0.847) between dextran and viscosity demonstrated this relationship as 
shown in Fig 4.14(c). On the other hand, from Fig 4.13(d), it appears that the 
delaying of burnt chopped plantation cane increased both of dextran content 
and viscosity. This is confirmed by the very strong correlation (r²= 0.992) 
between dextran and viscosity as shown in Fig 4.14(d). This increase in 
viscosity may be due to the development of high molecular mass of formed 
dextran which rises viscosity. The addition of cane dextran to high sucrose 
solutions results in an increase in viscosity as measured in a capillary 
viscometer by Inkerman (1974) [26].  Therefore the increase of viscosity can 
be a very good indicator on dextran presence. 
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Fig 4.13: Effect of delay time on dextran content and viscosity in different 
samples of plantation cane 
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(a) Green long plantation cane
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Fig 4.14: Correlation between dextran content and viscosity upon delaying 
in different samples of plantation cane 
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• Commercial cane sugar (C.C.S) 
 
The results in Fig 4.15(a) show that the C.C.S gradually decreased in 
green long plantation cane as 11.25, 10.47, 9.67, 9.49 and 7.87 respectively 
and correspondingly with increasing of dextran content due the increase of 
delay time. This result was confirmed by the strong correlation (r²= 0.895) 
between dextran content and C.C.S, Fig 4.16(a). Also Fig 4.15(b) 
demonstrates that, the delaying of green chopped plantation cane has a 
negative effect, which increased dextran content and this in turn caused a 
noticeable decrease in C.C.S values by about 39 % within five days. This is 
illustrated by the good correlation (r²= 0.390) between dextran content and 
C.C.S in Fig 4.16(b).  
The data in Fig 4.15(c) show that, in burnt long plantation cane, dextran 
content increased upon delaying in contrast the C.C.S which is decreasing. 
This was clearly shown by the very strong correlation (r²= 0.958) between 
them, Fig 4.16(c). And from Fig 4.15(d) which showed that for burnt 
chopped plantation cane, the C.C.S decreased markedly from 8.47 to 4.03 
with delay time and increasing of dextran content. The strong correlation 
(r²= 0. 797) between dextran content and C.C.S is shown in Fig 4.16(d). 
These results agreed with those found by Fulcher and Inkerman [27], and 
Egan [25] in that, the dextran production has to be accompanied by 
correspondingly low values of pH, purity, Brix and C.C.S. In other words, 
this means that the dextran presence leads to sucrose loss which is 
considered by C.C.S, so it is in turn the best indicator on cane deterioration. 
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Fig 4.15: Effect of delay time on dextran content and C.C.S in different 
samples of plantation cane 
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(a) Green long plantation cane
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Fig 4.16: Correlation between dextran content and C.C.S upon delaying in 
different samples of plantation cane 
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4.3.2 Analysis of 1st ratoon cane 
The changes in the quality due to dextran formation for juice extracted 
from the four samples of 1st ratoon cane were daily analyzed on five days in 
Jan 2006. The prepared cane juice was tested immediately for the dextran 
content and changes in juice parameters. Then the results were analyzed to 
formulate a correlation between the dextran content and each of other 
parameters as follows: 
 
• Dextran content 
The results in Fig 4.17 emphasize the important variations in dextran 
content at the four samples of 1st ratoon cane during five days. The dextran 
content detected after cutting was high in all samples (green long cane, 
green chopped cane, burnt long cane, and burnt chopped cane), and this 
content increased gradually within the first three days, but the variations 
between them became greater at fourth and fifth day successively. This is 
because the intensive influence of delay time between harvesting and 
grinding allows more infection and deterioration, which can cause an 
increase in dextran production. 
Furthermore the increase in dextran levels in burnt 1st ratoon cane (long 
1223.93 ppm on Brix, and chopped 1380 ppm on Brix) was more than in the 
green 1st ratoon cane (long 818.96 ppm on Brix, and chopped 893.4 ppm on 
Brix) after five days. This is due to the microorganisms L. mesenteroides 
which is more common in burnt cane and growing fast on the surface of 
burnt cane even as early as 10 min after burning, and the numbers increased 
markedly with time after burning [10,15]. 
Otherwise the rate of dextran formation in long 1st ratoon cane (green 
818.96 ppm on Brix, and burnt 1223.93 ppm on Brix) was lower than in 
chopped 1st ratoon cane (green 893.4 ppm on Brix, and burnt 1380 ppm on 
 80
Brix) after the five days. This agreed with the previous studies of the 
deterioration of mechanically harvested chopped cane, which showed that 
the rate of dextran formation in chopped cane was far exceeding that in 
whole stalk cane [1, 10, 28, 29, 30, and 31]. 
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Fig 4.17: Effect of delay time and harvest system on dextran content in 1st 
ratoon cane 
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• Brix 
As the Fig 4.18(a) explains, there is a little decrease in Brix in green long 
1st ratoon  cane from 20.54 to 19.81 % cane within five days accompanied 
with a clear increase in dextran content from 187.4 to 818.96 ppm on Brix. 
Fig 4.19(a) illustrates the good correlation between dextran content and Brix 
(r²= 0. 698). Fig 4.18(b) shows that in green chopped 1st ratoon cane, upon 
four days delaying, there was a little decrease in Brix from 20.8 to 20.68 % 
cane, while the dextran content increases from 203.4 to 893.4 ppm on Brix. 
The very poor correlation (r²= 0.054) between dextran content and Brix is 
shown clearly in Fig 4.19(b). 
The results in Fig 4.18(c) reveal that there is an increase in dextran content 
of burnt long 1st ratoon cane with delay time, on the other hand   the Brix 
values fluctuate during that time to give a good correlation (r²= 0.591) 
between them, Fig 4.19(c). Although the results in Fig 4.18(d) show that the 
dextran content and delay time in burnt chopped 1st ratoon cane have no 
influence on changes of Brix, there appears to be poor correlation (r²= 
0.318) between dextran content and Brix, Fig 4.19(d). 
As these results demonstrate, there is no clear relationship between dextran 
content and Brix in samples of 1st ratoon cane, so the changes of Brix may 
not be considered as a good indicator to dextran presence. 
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(a)  Green long 1st ratoon cane
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Fig 4.18: Effect of delay time on dextran content and Brix in different 
samples of 1st ratoon cane 
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Fig 4.19: Correlation between dextran content and Brix upon delaying in 
different samples of 1st ratoon cane 
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• Pol 
Fig 4.20 (a) shows that the dextran content in green long 1st ratoon cane 
increased progressively with delaying as 187.4, 214.88, 330.09, 723.05, and 
818.96 ppm on Brix. In the contrary, the values of pol decreased from   
16.66 % cane to 14.12 % cane. The low sucrose and high dextran values are 
due to the conversion of sucrose to reducing sugar and subsequently dextran 
formation as mentioned previously. This is illustrated in Fig 4.21(a) that 
shows the pol has a good correlation with dextran content (r²= 0.677). 
The data in Fig 4.20 (b) shows that in green chopped 1st ratoon cane, when 
the dextran content increased, the pol values decreased within five days, and 
Fig 4.21 (b) shows the very poor correlation (r²= 0.100) between dextran 
content and pol. On the other hand the dextran content in burnt long 1st 
ratoon cane increased from 295.09 to 1223.93 ppm on Brix, accompanied 
with a remarkable decrease in pol values from 14.78 to 13 % cane, Fig 
4.20(c). This is confirmed by the strong correlation (r²= 0.833) between 
dextran content and pol as Fig 4.21 (c) illustrates. The data presented in Fig 
4.20 (d) also show the increasing of dextran content coincided with 
decreasing pol values within five days in burnt chopped 1st ratoon cane, and 
Fig 4.21 (d) shows a good correlation (r²= 0.522) between dextran content 
and pol. 
According to the previous results, the changes in dextran content and pol 
with delay time in all samples, there is a good correlation between dextran 
content and pol. The correlation allows considering decrease in pol values as 
a good indicator on cane deterioration. 
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(a)  Green long 1st ratoon cane
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(c)  Burnt long 1st ratoon cane
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Fig 4.20: Effect of delay time on dextran content and pol in different 
samples of 1st ratoon cane 
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Fig 4.21: Correlation between dextran content and pol upon delaying in 
different samples of 1st ratoon cane 
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• Apparent purity 
The data in Fig 4.22(a) show that, in green long 1st ratoon cane the 
increase in dextran content from 187.4 ppm on Brix to 818.96 ppm on Brix 
is accompanied with a significant decrease in apparent purity from 81.09 % 
to 71.28 % during five days. This is emphasized by the very strong 
correlation (r²= 0.993) between dextran content and apparent purity in Fig 
4.23(a). Also Fig 4.22(b) illustrates that the dextran content in green 
chopped 1st ratoon cane increased to amounts of 203.4, 267.55, 274.55, 316, 
and 893.4 ppm on Brix. In the contrary the apparent purity decreased 
gradually from 81.25 %, 79.53 %, 77 %, 76.48 %, and to 73.45 %. This is 
confirmed by the very strong correlation (r²= 0.930) between dextran 
content and apparent purity, Fig 4.23(b). 
A clear relationship between increasing dextran content and decreasing 
apparent purity upon delaying appears in samples of burnt long 1st ratoon 
cane and burnt chopped 1st ratoon cane in Fig 4.22(c) and Fig 4.22(d). This 
is proved with a strong correlation (r²= 0.844) and (r²= 0.904) between 
dextran content and apparent purity shown in Fig 4.23(c) and 4.23(d) 
respectively.  
These results with the strong correlation between dextran content and 
apparent purity in samples of 1st ratoon cane proved increase dextran content 
and in turn decrease apparent purity with delay time. These agreed with 
previous results that the dextran production has to be accompanied by 
correspondingly low values of purity [25, 27], which may be a very good 
indicator on cane deterioration. 
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Fig 4.22: Effect of delay time on dextran content and apparent purity in 
different samples of 1st ratoon cane 
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Fig 4.23: Correlation between dextran content and apparent purity upon 
delaying in different samples of 1st ratoon cane 
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• pH 
The changes in pH and dextran content in green long 1st ratoon cane 
upon delaying are presented in Fig 4.24(a) which reveals that the high 
dextran content accompanied with low pH value 6.16 through five days. 
This strong correlation (r²= 0.895) between dextran content and pH was 
demonstrated in Fig 4.25(a). As Fig 4.24(b) shows in green chopped 1st 
ratoon cane, the pH drop from 6.99 to 6.11 was accompanied with 
increasing dextran content from 203.4 ppm on Brix to 893.4 ppm on Brix, 
and Fig 4.25(b) presents the very strong correlation (r²= 0.977) between 
dextran content and pH. The results obtained from Fig 4.24(c) and Fig 
4.24(d) also demonstrate that the delay time on burnt long 1st ratoon cane 
and burnt chopped 1st ratoon cane increased the dextran content causing a 
clear decrease in pH values.  This may be seen clearly by the very strong 
correlation (r²= 0.985), (r²= 0.985) between dextran content and pH shown 
in Fig 4.25(c) and Fig 4.25 (d) respectively.     
The delay time increased dextran content that decreased pH value, and 
agreed with studies that the dextran production has to be accompanied by 
correspondingly low values of pH [25, 27]. Therefore the very strong 
correlation between dextran content and pH confirms that the pH drop may 
be a very good indicator to dextran presence and cane deterioration. 
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Fig 4.24: Effect of delay time on dextran content and pH in different 
samples of 1st ratoon cane 
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Fig 4.25: Correlation between dextran content and pH upon delaying in 
different samples of 1st ratoon cane 
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• Color 
The results in Fig 4.26(a) indicate that in green long 1st ratoon  cane, 
although  the dextran content increased gradually while the color varied  
within five days; there was a good correlation (r²= 0.589) between dextran 
content and color as shown in Fig 4.27(a). The results presented in Fig 
4.26(b) show the increasing dextran content in green chopped 1st ratoon cane 
upon delaying to amounts 203.4, 267.55, 274.55, 316, and 893.4 ppm on 
Brix, while the color values showed fluctuation as 4561.51, 6081.29, 
5511.21, 4569.66, and 2964.9 I.U.560. Moreover there was a good correlation 
(r²= 0.717) between dextran content and color as shown in Fig 4.27(b).                
Fig 4.26(c) explains the changes of dextran content and color in burnt long 
1st ratoon cane upon delaying. Although the dextran content increased, the 
color decreased within five days. Fig 4.27(c) shows a strong correlation (r²= 
0.892) between dextran content and color. Relied on the results in Fig 
4.26(d), that shows in burnt chopped 1st ratoon cane, the dextran content 
increased upon delaying, while the color decreased. In Fig 4.27(d) a good 
correlation (r²= 0.668) between dextran content and color is shown. 
As mentioned in the results of plantation cane, also there is a good 
relationship between dextran content and color in all samples of 1st ratoon 
cane, which is may explained by the degradation of sucrose into colorant 
compounds as a result of cane deterioration [4, 14]. 
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Fig 4.26: Effect of delay time on dextran content and color in different 
samples of 1st ratoon cane 
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Fig 4.27: Correlation between dextran content and color upon delaying in 
different samples of 1st ratoon cane 
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• Viscosity 
Results in Fig 4.28 (a) and Fig 4.29 (a) show clearly the strong 
correlation (r²= 0.880) between increasing dextran content (187.4, 214.88, 
330.09, 723.05, and 818.96 ppm on Brix) respectively, with the increase of 
viscosity (12, 12.1, 12.2, 13.1, 15.8 cp) upon delaying in extracted juices 
from green long 1st ratoon cane. The results in Fig 4.28(b) show the gradual 
increases of dextran content in green chopped 1st ratoon cane upon delaying 
resulting in the gradual increases of viscosity. This is confirmed with the 
very strong correlation (r²= 0.939) between dextran content and viscosity 
that is illustrated in Fig 4.29(b). 
The data in Fig 4.28(c) summarize the effects of delay time on dextran 
content and viscosity in burnt long 1st ratoon cane. Both of dextran content 
and viscosity increased gradually, and Fig 4.29(c) confirmed the very strong 
correlation (r²= 0.959) between dextran content and viscosity. The same 
changes were obtained in burnt chopped 1st ratoon cane in Fig 4.28(d) and 
Fig 4.29(d) that exhibit the very strong correlation (r²= 0.967) between 
dextran content and viscosity. 
As these data illustrate, there is no doubt that the delaying influences raising 
dextran content which itself leads to increase of viscosity. The same result 
was suggested by Tilbury and Inkerman that both of dextran content and 
viscosity were directly proportional to time storage [1, 26]. According to the 
very strong correlation between dextran content and viscosity, the increase 
in values of viscosity may be considered as a very good indicator to dextran 
presence in cane juice. 
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Fig 4.28: Effect of delay time on dextran content and viscosity in different 
samples of 1st ratoon cane 
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Fig 4.29: Correlation between dextran content and viscosity upon delaying 
in different samples of 1st ratoon cane 
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• Commercial cane sugar (C.C.S) 
The data in Fig 4.30(a) demonstrates the delay time on green long 1st 
ratoon cane, where the increase of dextran content causes a remarkable 
decrease in C.C.S values. This was confirmed with a strong correlation (r²= 
0.709) between dextran content and C.C.S shown in Fig 4.31(a).    Fig 
4.30(b) shows that the increase of dextran content in green chopped 1st 
ratoon cane, upon delaying, also accompanied by a remarkable drop in 
C.C.S, and Fig 4.30(b) explains the correlation (r²= 0.284) between dextran 
content and C.C.S.   
In burnt long 1st ratoon cane, the increase of dextran content from 295.09 to 
1223.93 ppm on Brix was accompanied by a decrease of C.C.S from 13.57, 
to 10.3, Fig 4.30(c). This is demonstrated in Fig 4.31(c) by the very strong 
correlation (r²= 0.911) between dextran content and C.C.S. The data in Fig 
4.30(d) show the gradual increase of dextran content and the decrease of 
C.C.S in burnt chopped 1st ratoon cane during five days. So a good 
correlation (r²= 0.704) between dextran content and C.C.S was shown in Fig 
4.31(d).  These results agreed with those stating that the dextran production 
has to be accompanied by correspondingly low values of C.C.S [25, 27]. 
Therefore the good correlation between dextran content and C.C.S indicates 
that the dextran presence leads to sucrose loss which is represented by 
C.C.S, which in turn can be as a very good indicator of cane deterioration 
and hence of  dextran presence. 
 
 
 100
(a)  Green long 1st ratoon cane
0
200
400
600
800
1000
1 2 3 4 5
Day
D
ex
tra
n 
co
nt
en
t 
(p
pm
 o
n 
B
rix
)
0
5
10
15
20
C
.C
.S
(b) Green chopped 1st ratoon cane
0
200
400
600
800
1000
1 2 3 4 5
Day
D
ex
tra
n 
co
nt
en
t
(p
pm
 o
n 
B
rix
)
0
5
10
15
20
C
.C
.S
(c)  Burnt long 1st ratoon cane
0
200
400
600
800
1000
1200
1400
1 2 3 4 5
Day
D
ex
tra
n 
co
nt
en
t
(p
pm
 o
n 
B
rix
)
0
5
10
15
C
.C
.S
(d)  Burnt chopped 1st ratoon cane 
0
200
400
600
800
1000
1200
1400
1600
1 2 3 4 5
Day
D
ex
tra
n 
co
nt
en
t
(p
pm
 o
n 
B
rix
)
0
5
10
15
C
.C
.S
Dextran  (ppm on Brix) C.C.S
 
Fig 4.30: Effect of delay time on dextran content and C.C.S in different 
samples of 1st ratoon cane 
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Fig 4.31: Correlation between dextran content and C.C.S upon delaying in 
different samples of 1st ratoon cane 
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4.3.3 Analysis of 2nd ratoon cane 
The changes in the cane juices quality due to dextran formation for juice 
extracted from 2nd ratoon cane samples were daily analyzed for five days in 
Feb 2006. The prepared cane juice was immediately tested for the dextran 
content and changes in juice parameters. The results were then analyzed to 
obtain the correlation coefficient between the dextran content and each of 
the other parameters, as follows: 
• Dextran content 
The changes in dextran content in different samples of 2nd ratoon cane 
over a period of five days are presented in Fig 4.32. The results showed that 
the increasing dextran content was at the equal rate up to the fifth day for all 
samples, which assured that the most frequently occurring major factor in 
dextran production in the field is the delay between harvesting and crushing. 
Also it appears that the chopped cane (green and burnt) was significantly 
deteriorating more than long cane (green and burnt). 
Furthermore, the increase dextran levels were found in burnt chopped cane 
more than in the green chopped cane. This is attributed to the death in cane 
stalk which is followed by immediate deterioration. Such deterioration 
occurred because the death destroyed the metabolic processes that regulate 
sucrose production and usage within the cane stalk, and sucrose and other 
reducing sugars began immediately to be converted into other substances, 
ethanol and dextran in particular. This process is affected through the ingress 
of sucrose-devouring bacteria and yeasts that invade the cane juice through 
any cuts or fissures in the stalk and multiply quickly once the stalk’s natural 
defense mechanisms are destroyed. It has been widely documented that the 
rate of deterioration of burnt cane is significantly higher than for green cane 
[32, 33, 34, and 35]. 
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Fig 4.32: Effect of delay time and harvest system on dextran content in 2nd 
ratoon cane 
• Brix 
Fig 4.33(a) shows that the dextran content in green long 2nd ratoon  cane 
increased from 165.53 to 324.16 ppm on Brix, and the Brix increased from 
14.3 to 19.12 % cane upon delay time. Fig 4.34(a) illustrates the good 
correlation (r²= 0.391) between dextran content and Brix. On the other hand 
Fig 4.33(b) indicates that in green chopped 2nd ratoon cane the increase in 
dextran content accompanied with decrease in Brix, while Fig 4.34(b) 
reflects the strong correlation (r²= 0.835) between dextran content and Brix. 
Also Fig 4.33(c) and Fig 4.34(c) show that in burnt long 2nd ratoon cane 
there was a strong correlation (r²= 0.863) between dextran content and Brix 
with delay time. The data in Fig 4.33(d) show that, while the dextran content 
increased upon delaying in burnt chopped 2nd ratoon cane, the Brix values 
showed some fluctuation Fig 4.34(d) shows the very poor correlation (r²= 
0.039) between dextran content and Brix. In contrast plantation and 1st 
ratoon cane, samples of 2nd ratoon showed a decrease in Brix accompanied 
by an increase in dextran content. 
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Fig 4.33: Effect of delay time on dextran content and Brix in different 
samples of 2nd ratoon cane 
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Fig 4.34: Correlation between dextran content and Brix upon delaying in 
different samples of 2nd ratoon cane 
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• Pol 
The data in Fig 4.35(a) show that there is a gradual increase of dextran 
content in comparative with variation of pol values in green long 2nd ratoon 
cane due to delaying. This could be explained by the poor correlation (r²= 
0.348) between dextran content and pol in Fig 4.36(a). Fig 4.35(b) illustrates 
that the dextran content in green chopped 2nd ratoon cane increased from 
135 to 343.29 ppm on Brix and the pol decreased from 13.81 to 10.62 % 
cane within five days, resulting in a very strong correlation (r²= 0.976) 
between dextran content and pol, Fig 4.36(b). 
Results in Fig 4.35(c) also indicate that the dextran content in burnt long 2nd 
ratoon cane increased gradually from 138.43 to 275.01 ppm on Brix, while 
the pol values decreased from 11.78 to 10.28 % cane within five days, 
which is confirmed by the strong correlation (r²= 0.912) between dextran 
content and pol that shown Fig 4.36(c).  
Fig 4.35(d) shows that the delaying for burnt chopped 2nd ratoon cane 
increased the dextran content from 129.93 ppm on Brix to 368.22 ppm on 
Brix and accompanied by decreasing of pol from 12.03% cane to 11.37% 
cane. Fig 4.36(d) shows the good correlation (r²= 0.469) between dextran 
content and pol.  
The previous results of all cane samples indicate that there is a good 
relationship between the increase of dextran content and pol decrease which 
is due to inversion of sucrose into dextran by microorganisms. Therefore the 
decreasing pol may be a good indicator to dextran presence. 
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Fig 4.35: Effect of delay time on dextran content and pol in different 
samples of 2nd ratoon cane 
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Fig 4.36: Correlation between dextran content and pol upon delaying in 
different samples of 2nd ratoon cane 
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• Apparent purity 
On the basis of the data in Fig 4.37(a) which reveal that, the apparent 
purity in green long 2nd ratoon cane decreased considerably with delay time 
as 83.29%, 76.04%, 74.03%, 69.99% and 66.68% respectively. This 
remarkable decrease in juice purity was accompanied by increasing of 
dextran content due to cane deterioration. This result was emphasized by the 
strong correlation (r²= 0.812) between dextran content and apparent purity 
shown in Fig 4.38(a). Fig 4.37(b) explains that delay time on green chopped 
2nd ratoon cane also increased the dextran content from 135 to 343.29 ppm 
on Brix, which in turn gradually decreased the apparent purity from 79.73% 
to 66.38% with time. Fig 4.38(b) confirms this strong correlation (r²= 
0.917) between dextran content and apparent purity. 
Results in Fig 4.37(c) illustrate that, as the dextran content increased, the 
apparent purity decreased correspondingly due to delaying in burnt long 2nd 
ratoon cane. The very strong correlation (r²= 0. 963) between dextran 
content and apparent purity shown in Fig 4.38(c). As shown in Fig 4.37(d), 
the drop in apparent purity value in burnt chopped 2nd ratoon cane with 
delay time indicated that, there was a concurrently increase in dextran 
content. This appears in the strong correlation (r²= 0.860) between dextran 
content and apparent purity seems in Fig 4.38(d). 
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Fig 4.37: Effect of delay time on dextran content and apparent purity in 
different samples of 2nd ratoon cane 
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Fig 4.38: Correlation between dextran content and apparent purity upon 
delaying in different samples of 2nd ratoon can 
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• pH  
From Fig 4.40(a) there appears to be very strong correlation (r²= 0.987) 
between dextran content and pH. Whereas the delayed of green long 2nd 
ratoon cane the increases dextran content was coincided with a notable 
decrease in pH which is attributed to cane deterioration as shown in Fig 
4.39(a). Results in Fig 4.39(b) assure that the high levels of dextran content 
occurred by delaying of green chopped 2nd ratoon cane are accompanied by 
correspondingly low values of pH. And Fig 4.40(b) shows the very strong 
correlation (r²= 0.956) between dextran content and pH. 
Fig 4.39(c) illustrates that the pH value of juices extracted from burnt long 
2nd ratoon cane stored for four days also decreased from 6.99 to 6.65, while 
the dextran content increased from 138.43 to 275.01 ppm on Brix. This 
explains by the strong correlation (r²= 0.877) between dextran content and 
pH shown in Fig 4.40(c). Fig 4.39(d) indicates the close relationship 
between pH drop and dextran content increase, that is emphasized by a very 
strong correlation (r²= 0.989) between dextran content and pH for the 
delayed burnt chopped 2nd ratoon cane shown in Fig 4.40(c)  
The delay time increased dextran content which in turn decreased pH in 2nd 
ratoon cane and this agreed with the previous results on plantation cane and 
1st ratoon. Many investigations confirmed the results that the dextran 
production has to be accompanied by correspondingly low values of pH and 
apparent purity [25, 27]. Therefore the very strong correlation between dextran 
content and pH and apparent purity confirmed that, the pH drop and 
apparent purity values may be very good indicator to dextran presence and 
cane deterioration. 
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Fig 4.39: Effect of delay time on dextran content and pH in different 
samples of 2nd ratoon cane 
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Fig 4.40: Correlation between dextran content and pH upon delaying in 
different samples of 2nd ratoon cane 
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• Color 
The results in Fig 4.41(a) present the delaying of green long 2nd ratoon 
cane which led to gradual increase of dextran content, while the color 
changes are fluctuating. So there was a poor correlation (r²= 0.341) between 
dextran content and color, Fig 4.42(a). On the basis of results in Fig 4.41(b) 
appear that is no clear relationship between dextran content occurring by 
delaying of green chopped 2nd ratoon cane and color formation. This is 
supported by the very poor correlation (r²= 0.136) between dextran content 
and color shown in Fig 4.42(b).  
In contrast the results in Fig 4.41(c) illustrate that there is an increasing 
dextran content from 138.43 to 275.01 ppm on Brix and a decrease in color 
values from 8874.18 I.U.560 to 5096.78 I.U.560 within five days in burnt long 
2nd ratoon cane, and Fig 4.42(c) shows the strong correlation (r²= 0.805) 
was between dextran content and color. The same results were shown in Fig 
4.41(d) that the effect of delay time on dextran content and color in burnt 
chopped 2nd ratoon cane increased the dextran and decreased the color. Fig 
4.42(d) shows the poor correlation (r²= 0.335) between dextran content and 
color. 
The results of 2nd ratoon cane samples show a poor relationship between 
dextran content and color, which are different from those of plantation and 
1st ratoon cane samples that show a good relationship between dextran 
content and color. This may be attributed to that the color formation is 
related to other factor in addition to dextran formation. 
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Fig 4.41: Effect of delay time on dextran content and color in different 
samples of 2nd ratoon cane 
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Fig 4.42: Correlation between dextran content and color upon delaying in 
different samples of 2nd ratoon cane 
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• Viscosity 
Results in Fig 4.43(a) show the clear effect of delaying on green long 2nd 
ratoon cane that increased dextran content from 165.53 to 324.16 ppm on 
Brix, coinciding with the increase in viscosity from 12.4 to 13.3 cp. Fig 
4.44(a) emphasizes the very strong correlation (r²= 0.946) between dextran 
content and viscosity. Also the Fig 4.43(b) demonstrates there is a close 
relationship between dextran content and viscosity, whereas both of them 
increased correspondingly within five days in green chopped 2nd ratoon 
cane, where the very strong correlation (r²= 0.954) between dextran content 
and viscosity is illustrated in Fig 4.4(b). 
Fig 4.43(c) demonstrates that both of dextran content and viscosity 
increased concurrently in burnt long 2nd ratoon cane with time. This close 
relation is proved by a very strong correlation (r²= 0.938) between dextran 
content and viscosity shown in Fig 4.44(c). Also appears from Fig 4.43(d) 
that the dextran content in burnt chopped 2nd ratoon cane increased from 
129.93 to 368.22 ppm on Brix upon delaying correspondingly with 
increasing of viscosity from 11.9 to 14.9 (cp). Fig 4.44(d) confirms the very 
strong correlation (r²= 0.996) between dextran content and viscosity. 
 According to the close relationship between dextran content and viscosity 
in all samples of cane and the suggested result that both of dextran content 
and juice viscosity were directly proportional to storage time, the increasing 
of viscosity values may be consider as a very good indicator on presence in 
cane juice. 
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Fig 4.43: Effect of delay time on dextran content and viscosity in different 
samples of 2nd ratoon cane 
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 (a)  Green long 2nd ratoon cane
y = 0.0001x2 - 0.0475x + 17.432
R2 = 0.9463
10
11
12
13
14
0 100 200 300 400
Dextran content (ppm on Brix)
V
is
co
si
ty
 (c
p)
(b) Green chopped 2nd ratoon cane 
y = 2E-05x2 - 0.001x + 12.069
R2 = 0.9546
10
11
12
13
14
15
0 100 200 300 400
Dextran content (ppm on Brix)
V
is
co
si
ty
 (c
p)
(c) Burnt long 2nd ratoon cane
y = 0.0002x2 - 0.0572x + 16.215
R2 = 0.9382
10
11
12
13
14
15
0 100 200 300
Dextran content (ppm on Brix)
V
is
co
si
ty
 (c
p)
(d) Burnt chopped 2nd ratoon cane
y = -1E-05x2 + 0.0187x + 9.6529
R2 = 0.9965
10
11
12
13
14
15
16
0 100 200 300 400
Dextran content (ppm on Brix)
V
is
co
si
ty
 (c
p)
Viscosity  (cp) Poly. (Viscosity  (cp))
 
Fig 4.44: Correlation between dextran content and viscosity upon delaying 
in different samples of 2nd ratoon cane 
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• Commercial cane sugar (C.C.S) 
Fig 4.45(a) illustrates that in green long 2nd ratoon cane upon delaying 
the increase in dextran content was accompanied with a drop of C.C.S. this 
is shown by the strong correlation (r²= 0.717) of Fig 4.46(a) between 
dextran content and C.C.S. Also the data in Fig 4.45(b) show that, the 
increase of dextran content in green chopped 2nd ratoon cane upon delaying 
from 135 to 343.29 ppm on Brix was accompanied with a notable decrease 
in C.C.S from 12.06 to 7.93.  Fig 4.46(b) presents the very strong correlation 
(r²= 0.960) between dextran content of this case and C.C.S.  Concurrently 
the results in Fig 4.45(c) explain that the delaying for burnt long 2nd ratoon 
cane increased dextran content that in turn decreased C.C.S gradually with 
time. So a very strong correlation (r²= 0.947) between dextran content and 
C.C.S appeared in Fig 4.46(c). Results in Fig 4.45(d) indicate that the C.C.S 
in burnt chopped 2nd ratoon cane decreased gradually with the increase of 
dextran content and delay time. Fig 4.46(d) shows the strong correlation 
(r²= 0.846) between dextran content and C.C.S.  
Consequently relying on the very direct relationship between dextran 
content and C.C.S in all samples of cane, it could be deduced that the 
dextran production has to be accompanied by correspondingly low C.C.S 
values. The decrease in C.C.S values can be considered as a very good 
indicator on cane deterioration and then on dextran presence. 
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Fig 4.45: Effect of delay time on dextran content and C.C.S in different 
samples of 2nd ratoon cane 
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Fig 4.46: Correlation between dextran content and C.C.S upon delaying in 
different samples of 2nd ratoon cane 
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4.3.4 Effect of delay time and harvest method on dextran content  
It is noted in Fig 4.47 that for all cases of the cane, according to harvest 
method i.e. the green long cane, green chopped cane, burnt long cane, and 
burnt chopped cane, there was a progressive increase of dextran content 
along with the delaying days. The results also showed that there were 
significant differences in dextran content for all these cases, where the 
dextran content increased in the equal rate till the third day in all samples, 
and then increased differently up the fourth day, depending on the type of 
cane whether it was plantation cane, 1st ratoon cane or 2nd ratoon cane. Fig 
4.47 illustrates that, within five days the dextran content increased in 
chopped cane higher than long cane, especially in plantation cane (3430 ppm 
on Brix in green and 4387 ppm on Brix in burnt) then followed by 1st ratoon 
cane (893.4 ppm on Brix in green and 1380 ppm on Brix in burnt) and 2nd 
ratoon cane (343.29 ppm on Brix in green and 368.22 ppm on Brix in burnt) 
respectively. Furthermore the data show that the dextran formation after 
burning of cane was high in all samples of cane compared to green long 
cane.  
Burning and chopping plus delay allow the natural processes of biology and 
chemistry to erode both the quantity and quality of the ultimately 
recoverable sugar from the cane that is harvested. This process commences 
with the death of the cane stalk as stated by Davies [32]. The variations in 
results may be due to reasons depending on harvesting conditions and case 
of cane. Many investigations across the world assure these results [1, 10, 15, 23, 
28, 29, 30, 31, 32, 33, 34 and 35]. 
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Fig 4.47: Effect of delay time and harvest method on dextran content 
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4.3.5 Effect of cane type on dextran formation 
Fig 4.48 shows the first detection to dextran at zero time for different 
types of cane i.e. plantation, 1st ratoon, and 2nd ratoon. In all cases of 
harvesting 1st ratoon cane revealed the greatest values of dextran content 
compared to 2nd ratoon and plantation cane which had the lowest. This may 
be attributed mainly to the fact that, plantation cane is less exhibited to 
microbial infection than 1st and 2nd ratoon cane. Also 1st ratoon contains 
more sucrose than plantation and 2nd ratoon cane as illustrated in Table 4.2 
according to results of this study, which led to more potential of sucrose 
inversion into dextran. From the above mentioned results, although there is 
no investigation done on the effect of this factor on dextran formation, it can 
be stated that dextran formation may be affected by cane type according to 
growth habit and harvest time regardless to the method of harvesting. 
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Fig 4.48: Dextran content in various cases of different types of cane 
Table 4.2: Pol % cane in various cases of cane  
  Plantation cane  1st ratoon  cane 2nd ratoon  cane 
Green long  cane 13.8 16.66 11.91 
Green chopped cane 13.1 16.9 13.81 
Burnt long cane 10.78 14.78 11.78 
Burnt chopped cane 10.16 15.15 12.03 
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4.4 Effects of dextran on the process parameters in the cane sugar 
factory 
Samples of mixed juice, clear juices, syrup, final molasses and 
commercial sugar were taken from Algunied sugar factory for analysis.  To 
determine dextran formation, two groups of samples were taken during the 
crushing season 2005/06 (Nov 2005, and Jan 2006). For the first group of 
samples no biocide or chemical mill sanitation was added to raw cane juice, 
while the other group was taken from the treated juice with biocide. Each 
group of readings was taken four times in four days. All factory samples 
were analyzed for Brix, pol, apparent purity, pH, color, viscosity, available 
sugar, and dextran. A correlation between dextran content and each of these 
parameters was formulated by statistical analysis to determine the effects of 
dextran on these process parameters concurrently with mill sanitation effect. 
The extent of this correlation between dextran content and process 
parameters may lead to predict the negative effects, and hence to estimate 
firstly the economic loss due to dextran presence and to calculate of sucrose 
loss due to dextran and its effect on sugar yield secondly. 
 
4.4.1 Changes of the dextran level during processing stages at two         
trials in 2005/06 season  
The data represented in Fig 4.49 indicate that the levels of dextran 
decreased considerably from stage to stage during the process of sugar 
production at the two trials; the first trial was without treatment and the 
second was with treatment. Also the data showed that the highest levels of 
dextran were attained in trial one, this due to poor housekeeping and mill 
sanitation that created more sites with dextran owing to activity of 
microorganism, that rise dextran level as soon as the juice get in touch with 
these sites. The low levels of dextran in second trial were attributed to good 
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mill sanitation with chemicals, which decreased dextran content by about 58 
%, the same value as stated in the literature that a total mill sanitation 
program of physical cleaning and biocide use is necessary to prevent loss of 
sugar primarily by Leuconostoc mesenteroides, and can only control up to 
60% of losses due to microorganisms [36]. 
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Fig 4.49: Dextran levels in factory samples at two trials 
  
Fig 4.50 (a, b) shows that the percentage of dextran distribution during 
processing stages was highest in mixed juice 40% in trial one and 39% in 
trial two. Also the high percentage of dextran in clear juice 25% in trial one, 
and 22% in trial two, may be due to the reentering of the filtrate juice, which 
contains high levels of dextran with clear juice.  
The Figure also indicates that the higher percentage of dextran were found in 
the final molasses 15% in trial one and 20% in trial two and the lowest were 
in the commercial sugar 10% in trial one and 5% trial two. This means that, 
the greatest amount of dextran entering the factory goes to final molasses 
and only small amount goes to sugar. Therefore, strict attention should be 
paid to mill sanitation, especially in the areas where problems arise so as to 
help in minimizing dextran levels in commercial sugar to about 50%.  For 
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comparison similar tests were conducted by Tilbury et al showed that 
biocides addition has a significant benefit in sugar factories which could 
reduce the rate of sugar loss by saving of up to 60 % of sugar [37].  
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Fig 4.50: Distribution of the dextran content in factory samples 
 
4.4.2 Effects of dextran on processing parameters in the cane sugar 
factory at two trials  
Testes were carried out to cover all factory liquors as mixed juice, clear 
juices, syrup, and final molasses, in addition to commercial sugar. Also two 
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trials of these samples were taken at different periods. The first group of 
samples was taken from untreated raw cane juice and the other group of 
samples was taken from the treated juice with biocide. Each group of 
readings was four times for the dextran content and process parameters to 
determine the extent of the correlation between them by knowing the 
coefficient of determination R2 as follows: 
 
1. Brix   
The results in Fig 4.51(a) and (b) indicate that, the high values of dextran 
content were accompanied with low values of Brix in mixed juice. This was 
explained by the strong coloration (r² = 0.879) between dextran content and 
Brix in trial one (a) and became a perfect correlation (r² = 1) in trial two (b).  
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Fig 4.51: Correlation between dextran content and Brix in mixed juice 
 
The results in Fig 4.52 (a) and (b) show that, the high values of dextran 
content were coinciding with low values of Brix in clear juice. This was 
explained by a good correlation (r² = 0.539) between dextran content and 
Brix in trial one (a) and very strong one (r² = 0.945) in trial two (b).  
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Fig 4.52: Correlation between dextran content and Brix in clear juice 
 
The data of Fig 4.53 (a) present the strong correlation (r² = 0.894) between 
dextran content and Brix of syrup in trial one, where dextran content and 
Brix values were high. But this correlation became weaker (r² = 0.567) in 
trial two as shown in Fig 4.53(b), where the dextran content values were 
low. 
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Fig 4.53: Correlation between dextran content and Brix in syrup 
 
In Fig 4.54(a) clear relationship between high dextran content (458.75 ppm 
on Brix) and Brix increasing in final molasses was confirmed by the very 
strong correlation (r² =0.999) between dextran content and Brix in trial one. 
This correlation became weaker (r² =0.414) in trial two where the dextran 
content lower (218.75 ppm on Brix) as presented in Fig 4.54(b).  
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Fig 4.54: Correlation between dextran content and Brix in final molasses 
 
The results in Fig 4.55(a) indicate that the Brix of commercial sugar 
increases correspondingly with dextran content which is confirmed by the 
very strong correlation (r² =0.995) between dextran and Brix in trial one that 
has higher dextran content, while Fig 4.55(b) illustrates the strong 
correlation (r² =0.780) in trial two which has lower dextran content. 
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Fig 4.55: Correlation between dextran content and Brix in commercial sugar 
 
Accordingly to the previous results the relationship between dextran content 
and Brix of most of the factory samples showed a strong correlation (r² > 
0.750), where in mixed and clear juices high levels of dextran coincide with 
low values Brix which can be a good indicator to dextran presence. These 
results agreed with previous studies [25, 27] that found, that the dextran 
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production has to be accompanied by correspondingly low values of Brix. 
However in samples of syrup, final molasses, and commercial sugar which 
already have high Brix values, the high levels of dextran coincide with high 
values of Brix especially at higher dextran contents in trial one. 
 
2. Pol  
In Figs 4.56 the results show that, in mixed juice, there was strong 
coloration (r² = 0.810) between the dextran content and pol in trial one (a), 
and rise to (r² = 0.985) in trial two (b). The little variations in pol values 
were corresponding with the high variations in dextran values. On the other 
hand, the correlation becomes stronger when dextran levels were lower.  
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Fig 4.56: Correlation between dextran content and pol in mixed juice 
 
The data in Fig 4.57(a) and (b) demonstrate that in clear juice, there was a 
very strong correlation (r² = 0.986) between the dextran content and pol in 
trial one, and reached to (r² = 0.999) in trial two. The decreases in pol values 
were corresponding with increases in dextran values.   
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Fig 4.57: Correlation between dextran content and pol in clear juice 
  
Fig 4.58(a) illustrates the correlation between dextran content and pol was 
very strong (r² = 0.998) in trial one in syrup samples where the dextran 
content were high (313.13, 271.25 ppm on Brix) and pol values (60.68 %, 
54.5 %) high. In contrast, Fig 4.58(b) shows that the correlation between 
dextran content and pol was poor (r² = 0.325) which may be due to lower 
values of dextran (135.6, 239.9 ppm on Brix) and pol (46.72 %, 49.35 %).  
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Fig 4.58: Correlation between dextran content and pol in syrup 
 
The results illustrated in Fig 4.59 (a) show a strong correlation (r² =0.812) 
between dextran content and pol in final molasses in trial one. The dextran 
content reached 458.75 ppm on Brix, and corresponding pol values range 
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between 33.26 % and 38.81%. This correlation also became weaker (r² 
=0.329) in trial two, where the lower dextran content  reached 218.75 ppm 
on Brix, which coincides with lower values of pol range between 30.16 % 
and 33.15 % as shown in Fig 4.59(b).         
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Fig 4.59: Correlation between dextran content and pol in final molasses 
 
The data presented in Fig 4.60(a) and (b) show the coinciding increases in 
both dextran content and pol in commercial sugar. This may be due to that, 
the dextran is highly dextrotatory and therefore inflates the direct 
polarization reading of samples. This was evidenced by the very strong 
correlation (r² =0.997) in trial and (r² =0.974) in trial two between dextran 
content and pol. 
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Fig 4.60: Correlation between dextran content and pol in commercial sugar 
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The previous results introduce the relationship between dextran content and 
pol in factory samples as those of the Brix. Also most of factory samples 
showed a strong correlation whereas (r² > 0.750), and in mixed and clear 
juices increasing of dextran coincides with decreasing of pol values which 
may be a good indicator to dextran presence. However in samples of syrup, 
final molasses, and commercial sugar which have higher pol values the high 
levels of dextran coincide with high values of pol especially at higher 
dextran contents in trial one. 
 
3. Apparent purity  
The results in Fig 4.61(a) illustrate that, when the dextran value was low 
(366 ppm on Brix) the apparent purity was high (87%) in mixed juice. Also 
a high value of dextran (1099 ppm on Brix) was accompanied with low 
value of apparent purity (76.34%). This result was emphasized by strong 
correlation (r² = 0.762) between dextran and apparent purity in trial one. 
And very strong correlation (r² = 0.985) in trial two as shown in Fig 4.61(b), 
where the dextran values were 252.47 and 409.34 ppm on Brix, while the 
apparent purity were 82.56 and 77.46% respectively.  
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Fig 4.61: Correlation between dextran content and apparent purity in mixed 
juice 
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The results in Fig 4.62(a) show that, there was a fluctuated relation between 
dextran content and apparent purity in clear juice. This is emphasized by the 
poor correlation (r² =0.328) between dextran and apparent purity in trial one. 
Also Fig 4.62(b) shows the very poor correlation (r² =0.181) between 
dextran and apparent purity in trial two.  
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Fig 4.62: Correlation between dextran content and apparent purity in clear 
juice 
The results in Fig 4.63 (a) and (b) demonstrate that there was a strong 
correlation between dextran content and apparent purity in syrup in both of 
trial one (r² =0.902) and trial two (r² =0.805). 
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Fig 4.63: Correlation between dextran content and apparent purity in syrup 
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On the basis of Fig 4.64(a) it is clearly that, the increase in apparent purity of 
final molasses has come to be a useful index to sugar cane deterioration 
considered as dextran presence in final molasses. This is illustrated by the 
strong correlation (r² = 0.811) in trial one between dextran content and 
apparent purity, and (r² =0.735) in trial two that shown in Fig 4.64(b). 
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Fig 4.64: Correlation between dextran content and apparent purity in final 
molasses 
Due to the interference of pol reading attributed to dextran presence the 
results in Figs 4.65(a) and (b) show the artificially high apparent purity of 
commercial sugar compared with other process samples, which are 
demonstrated with the very strong correlation between dextran content and 
apparent purity (r² =0.987) in trial one and (r² =0.950) in trial two.  
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Fig 4.65: Correlation between dextran content and apparent purity in 
commercial sugar 
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The former results relating the dextran content to the apparent purity in 
factory samples show that, the best correlation was in mixed where the high 
levels of dextran are accompanied by low values of apparent purity which 
may be a good indicator to dextran presence. These results agreed with 
previous studies [25, 27] which stated that, the dextran formation has to be 
accompanied by correspondingly low values of apparent purity. For the 
other factory samples with high apparent purity values, the high levels of 
dextran coincide with these high values of apparent purity especially at 
higher dextran contents in trial one, although they showed a strong 
correlation  (r² > 0.750), so this may also be as a good indicator to dextran 
presence.  
 
4. pH 
There is a strong correlation (r² = 0.778) in trial one and (r² = 0.731) in 
trial two that shown in Fig 4.66(a) and (b) between the dextran content and 
pH in mixed juice. 
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Fig 4.66: Correlation between dextran content and pH in mixed juice 
  
Fig 4.67(a) shows that in the clear juice there was a very strong correlation 
(r² = 0.996) between the increase in dextran content and pH drop in trial one 
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where the dextran levels were higher than trial two. Therefore this 
correlation became weaker in trial two (r² = 0.421) as shown in Fig 4.67 (b). 
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Fig 4.67: Correlation between dextran content and pH in clear juice 
 
The data presented in Fig 4.68 (a) show that the highest dextran content 
313.13 ppm on Brix appeared at the lowest pH value 6.77 in trial one, so the 
perfect correlation (r² =1) was between dextran and pH in syrup.  Also Fig 
4.68 (b) shows a very strong correlation (r² =0.970) between dextran and pH 
in trial two.  
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Fig 4.68: Correlation between dextran content and pH in syrup 
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Fig 4.69 (a) indicates that the fluctuation changes of pH in final molasses 
showed strong correlation (r² = 0. 857) between dextran content and pH in 
trial one and poor correlation (r² =0.223) in trial two in Fig 4.69(b). 
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Fig 4.69: Correlation between dextran content and pH in final molasses 
 
Fig 4.70 (a) shows that in commercial sugar there was very strong 
correlation between dextran content and pH (r² =0.990) in trial one when the 
dextran content were 105.63 to 250.63 ppm on Brix and pH values 
concurrently were 7.48 to 6.52. This correlation became to be a strong one 
(r² =0.786) in trial two that shown in Fig 4.70(b), where the contents of 
dextran were lower. 
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Fig 4.70: Correlation between dextran content and pH in commercial sugar 
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The above results showed that for all factory samples a strong correlation (r² 
> 0.750) between dextran content and pH, especially at higher dextran 
contents in trial one. The increase of dextran content was accompanied with 
remarkable drops in pH values, so this can be a very good indicator to 
dextran presence during processing stages. These results agreed with 
previous studies that state that the dextran production has to be accompanied 
by correspondingly low values of pH [25, 27]. 
  
5. Color  
There are clear variations in color values as the dextran values in mixed 
juice varied between high and low values in trial one, in spite of the strong 
correlation (r² = 0.715) that illustrated in Fig 4.71(a). But this correlation 
become weak (r² = 0.469) when dextran concentrations were lower in trial 
two, as shown in Fig 4.71(b). 
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Fig 4.71: Correlation between dextran content and color in mixed juice 
 
The results in Fig 4.72(a) and (b) indicate that, in clear juice the high levels 
of dextran coincide with the low values of color.  This is confirmed by a 
very strong correlation (r² = 0.935) in trial one and (r² = 0.949) in trial two 
between dextran content and color. 
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Fig 4.72: Correlation between dextran content and color in clear juice 
 
The data in Fig 4.73 (a) and (b) show that there is a strong correlation (r² = 
0.912) in the syrup in trial one and it becomes (r² =0.706) in trial two 
between dextran content and color, where the high levels of dextran 
coincided with low values of color especially in trial one.  
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Fig 4.73: Correlation between dextran content and color in syrup 
 
For samples of final molasses, the color increased clearly and reached 
10701.8 I.U.560 with high dextran content of 458.75 ppm on Brix in trial one. 
This is confirmed by the very strong correlation (r² =0.952) between dextran 
and color that illustrated in Fig 4.74(a). On the other side, samples of low 
dextran content of 218.75 ppm on Brix in trial two, the color values varied 
as resulted in the poor correlation (r² =0.233) as shown in Fig 4.74(b).         
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Fig 4.74: Correlation between dextran content and color in final molasses 
 
There is no clear relationship between dextran and color in spite of the good 
correlation (r² = 0.643) that illustrated in Fig 4.75(a). This is because there 
were variations in color values as the dextran values in commercial sugar 
between high and low values in trial one. But this correlation became weak 
in trial two (r² = 0.400) when dextran concentrations were lower as shown in 
Fig 4.75(b). 
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Fig 4.75: Correlation between dextran content and color in commercial sugar 
 
The previous results of the relationship between dextran content and color in 
factory samples state that, the increase in dextran content for all samples 
coincides with fluctuations in color values, despite that there is a strong 
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correlation between dextran and color especially at higher dextran contents 
in trial one. So the color which showed a suspect relationship may not be an 
indicator to dextran presence.  
 
6. Viscosity 
The viscosities of mixed juice samples are strongly related to dextran 
content, i.e. the high dextran levels were coincided with high values of 
viscosities. This is confirmed with a very strong correlation (r² = 0.976) 
between dextran content and viscosity in trial one and (r² = 0.964) in trial 
two shown in Fig 4.76 (a) and (b), and noting that the correlation was higher 
in high levels of dextran than in low.  
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Fig 4.76: Correlation between dextran content and viscosity in mixed juice 
 
Fig 4.77(a) shows that in clear juice the viscosity increased correspondingly 
with dextran increase, due to the very strong correlation (r² = 0.971) between 
dextran and viscosity in trial one. Also strong correlation (r² = 0.871) was 
between dextran and viscosity in trial two as shown in Fig 4.77(b).  
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Fig 4.77: Correlation between dextran content and viscosity in clear juice 
 
The results in Fig 4.78 (a) and (b) illustrate the close relationship between 
dextran and viscosity in syrup, which was confirmed with a very strong 
correlation (r² =0.981) between dextran and viscosity in trial one and strong 
correlation (r² =0.814) in trial two.    
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Fig 4.78: Correlation between dextran content and viscosity in syrup 
 
On the basis of the data in Fig 4.79 (a) and (b) it appeared that the increasing 
viscosity of final molasses samples, in both of trial one and two, 
concurrently with increasing dextran content. This may be due to the high 
molecular mass of formed dextran which rises the viscosity. This is 
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improved by the perfect correlation (r²=1) between dextran and viscosity in 
trial one and strong one (r² =0.883) in trial two. 
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Fig 4.79: Correlation between dextran content and viscosity in final 
molasses 
 
According to the above mentioned results, all factory samples showed a very 
strong correlation between dextran content and viscosity, the viscosity 
increased with the increasing of dextran at the two trials, regardless of 
dextran levels whether high or low. The close relationship that the dextran 
production has to be accompanied by correspondingly high values of 
viscosity could undoubtedly be a very good indicator to dextran presence. 
This increase in viscosity may be attributed to the development of high 
molecules of formed dextran which rises the viscosity. These results agreed 
with previous studies by Inkerman who founded that, the addition of cane 
dextran to high sucrose solutions results in an increase in viscosity as 
measured in a capillary viscometer [26]. 
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7. Commercial cane sugar (C.C.S) 
The relationship between dextran content and C.C.S shows that, the high 
levels of dextran are causing a noticeable drop in C.C.S values, whereas for 
every 100 ppm dextran in juice there is a drop by 0.4 in C.C.S value, and 
this drop is more at higher dextran content as shown in trial one, similar 
result was cited by Clarke et al [14]. This is illustrated in Fig 4.80 (a) with the 
strong correlation (r² = 0.796) between dextran content and C.C.S in trial 
one, and very strong correlation (r² = 0. 999) in trial two in Fig 4.80 (b).   
These results agreed with those stating that, the dextran production has to be 
accompanied by correspondingly low values of C.C.S [25, 27]. Because the 
decrease in C.C.S represents the sucrose loss, therefore it could be the best 
indicator on dextran presence and then cane deterioration.  
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Fig 4.80: Correlation between dextran content and C.C.S 
 
4.4.3 Effect of clarification on the dextran content  
The results presented in Fig 4.81(a) show that the clarification process 
without treatment against dextran in mixed juice has a noticeable effect on 
removing dextran from juice. The values of dextran content in mixed juice 
samples were 1015, 834, 366, and 1099 ppm on Brix. These values 
decreased correspondingly in clear juice to 698, 713,283, and 418 ppm on 
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Brix. Which indicates dextran removal percentage reaches up to   61.97% 
during the clarification of juice, confirming the observations recoded on 
heating the juice followed by filtration. These results agreed with Jolly and 
Prakash that argued that, any insoluble dextran in the juice will be filtered 
off during clarification as part of the soluble dextran become insoluble or 
coagulate with protein present in juice [38].  
On the other hand, as shown in Fig 4.81(b), it is clearly noticed that the 
application of chemical treatment against dextran in mills, has great effect 
on clarification efficiency. The dextran content decreased in mixed juice by 
252.47, 409.34, 464.93, and 274.1ppm on Brix, and also in clear juice by 
236.7, 320.15, 120.82, and 93.71ppm on Brix respectively. This means 
dextran percentage removal was increasing progressively till it reached 
74.01%, Fig 4.81(c). This is due to the fact that the presence of excess 
dextran increases juice viscosity, which in turn retards the settling time in 
clarifiers and prevents satisfactory removal of suspended matter [1]. 
Further investigation of the process discovered very high dextran levels in 
filtrate being returned from the vacuum filters to the clarifier. Also holding 
clarifier mud prior to the vacuum filters allows logarithmic growth of the 
microorganisms which continue to for dextran. Bello et al purposely added 
dextran into juice and reported that dextran had no value as a coagulant; that 
instead it kept insoluble in suspension, increased turbidity, and did not aid 
compaction of the mud [18]. 
On the other hand, the effect of treatment with biocides on dextran 
percentage removal in clarification process is illustrated in Fig 4.82, whereas 
the results are average of four readings. The removal increased from 36.30 
% to 44.90% due to treatment, which means that more clarification 
efficiency with mill sanitation. 
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Fig 4.81: Effect of clarification on the dextran content 
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Fig 4.82: Effect of mill sanitation on clarification 
 
4.4.4 Economical effects and processing difficulties due to dextran 
 presence in cane sugar factory 
The most evident dextran effects to be discussed are on clarification, 
viscosity, crystallization, and polarimetric readings. 
(a) Clarification 
At the clarification stage in raw sugar manufacture, the abnormally high 
dextran levels cause severe effects. Firstly, juice derived from deteriorated 
cane contains excess acids and requires extra lime addition to neutralize the 
acidity. The results show that each 100 ppm dextran in mixed juice 
decreased pH value between 0.025 and 0.95, so the juice became more 
acidic, which required extra lime addition to reach a pH =7 by equal rate. 
Secondly, the presence of excess dextran increases juice viscosity, which in 
turn retards the settling time in clarifiers and prevents satisfactory removal 
of suspended matter leading to decrease the clarification efficiency as 
mentioned previously. Consequently the clarified juice is cloudy, resulting in 
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higher mud volumes at the filter station, and filtration of muds is also 
impeded by the excess viscosity of the juice [2]. 
(b) Viscosity 
During the stages of evaporation and crystallization the major harmful 
effect of dextran is the increase in the viscosity of syrups and massecuites, 
which increases the boiling and evaporation times and decreases the rate of 
sucrose crystallization, leading to the most important economic effect of 
increased dextran levels, that factory production is reduced. Thus an increase 
occurs in the time required to manufacture a unit weight of sugar, and the 
milling rate may have to be reduced. Other secondary effects due to dextran 
include excessive scale-up of heaters and evaporators which leads to poor 
heat transfer and decreases heating efficiency. These combined with 
increased viscosities due to dextran, increase the boiling time and hence lead 
to greater loss of sucrose by inversion (thermal sucrose loss) [2]. 
The effect of increasing viscosity on heat transfer has been explained by J. 
Chen, in Cane Sugar Handbook, 1985, pp. 237-238 [10].  
The results show that every 100 ppm dextran increased viscosity by 33 cp, 
which decreased overall heat transfer coefficient by 3%, that led to increase 
in temperature difference between steam and boiling liquid also by 3%, 
which required higher steam temperature or more amount of steam for 
heating. 
(c) Crystallization  
It has been shown that dextran, not only retards the overall crystallization 
rate of sucrose, but also selectively retards growth along the a and b axes. 
This results in needle-shaped crystals elongated along the c axis. Needle-
shaped raw sugar crystals are highly undesirable for several reasons. Firstly, 
they reduce the efficiency of purging of massecuites in the centrifuges, 
resulting in poor separation of crystal and molasses. Secondly, the shape is 
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less acceptable to the customer from an aesthetic viewpoint. Thirdly, and 
more important, the refining quality of the sugar is reduced [2]. 
The increased viscosity of massecuites, coupled with reduction in 
crystallization rate due to dextran, leads to a reduction in the exhaustibility 
of Low-grade massecuites in crystallizers. Since crystallization takes longer 
time in the presence of dextran, massecuites become cooler than normal, 
which increases the already abnormally high viscosity. Purging of such 
massecuites becomes difficult and inefficient, especially in batch 
centrifuges, due to the combination of high viscosity mother liquor and 
needle-shaped crystals. The net result of these effects is an increase in the 
purity and volume of final molasses/ton cane, and hence a loss in ton sugar / 
ton cane [2]. From the results, it is founded that for every 100 ppm dextran in 
molasses there is 1.8 % increase in molasses purity. On the basis of the data 
in Fig 4.79 there is a perfect correlation (r2 = 1) between dextran content and 
increasing of viscosity in final molasses samples. From these results, it is 
founded that for every 100 ppm dextran in molasses there is about 3000 cp 
increase in molasses viscosity. So it is thought to be responsible for the 
stickiness and occasional gelling of molasses in transit. 
(d)  Polarimetric readings 
Dextran in juice, syrups and sugars can cause false pol, because dextran 
polarizes about three times as much as sucrose and gives a falsely high pol 
[2]. As calculated by the equation (2.1), each 100 ppm dextran in commercial 
sugar increases pol value by 2%. While in the experimental results, it is 
found that every 100 ppm dextran in commercial sugar increased pol value 
by 2.5%.  
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4.4.5 Calculation of sucrose losses due to dextran presence 
Any study on sugar cane deterioration is concerned with sugar losses, not 
only because of the reduction in profits for farmers and processors, but also 
for the formation of sucrose degradation products, such as glucose, fructose 
and acids which can adversely effect processing by increasing lime 
consumption and raising losses of sucrose to molasses.                  
The results showed that there were losses, which became gains with biocide 
treatment, in sucrose content at factory samples due to dextran presence, 
whereas each 100 ppm dextran caused losses represented as decrease in pol 
% by 0.05 in mixed juice, 0.3 in clear juice, 0.07 in syrup, 0.02 in 
commercial sugar, and increase in pol % by 2.4 in final molasses.                    
Ignoring losses in the field, and considering only losses due to bacterial 
action on the sucrose, it can show the following gains in the factory. Using 
the result of that for every 100 ppm dextran in juice there was a loss by 0.4 
in C.C.S value (or sugar produced), and with regard that the dextran 
reduction about 58 % due to biocide application. Each 0.05 % or (500 ppm) 
reduction in dextran content in the juice will result in a saving of 2 kg of 
sugar/ton of sugar produced. Then, assuming 88 % recovery, a factory 
grinding 5,000 tons cane / day would potentially recover 0.97 ton additional 
sugar/ day. At SDG 2008.00 per ton sugar × 0.97 ton/ day = SDG 1947.76 
/day gain. Average process chemical costs for above applications = SDG 
89.16 / day. Net gain = 1947.76 - 89.16 = SDG 1858.6 / day  
And for a 220 day crop recovers 213.4 tons at SDG 2008.00 / ton sugar, the 
gain is SDG 408892 / year. 
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CHAPTER FIVE 
CONCLUSIONS AND RECOMMENDATIONS 
 
5.1 Conclusions  
Currently in Sudan there is no reliable, rapid, easy-to-use, and 
inexpensive method to measure cane deterioration at the factory.  As a 
consequence, factory staff does not know quickly whether a load of cane can 
be processed economically or if associated processing problems are 
expected. 
This work has introduced a very sensitive measurement of measuring cane 
deterioration, by monitoring the formation of dextran. Five criteria besides 
dextran concentration of juice have been used to measure the deterioration. 
They involve changes in the pol of the juice, apparent purity, pH, viscosity 
and the C.C.S of the cane juice. 
Using this measurement it was shown that dextran formation was greater and 
more rapid in chopped than whole stalk cane. And the rate of deterioration 
of burnt cane is significantly higher than for green cane, with burnt chopped 
cane deterioration more rapid and extensive than in green chopped cane for 
the three types of cane; plantation, 1st ratoon, and 2nd ratoon. This was 
concomitant with a decrease in each of pol, apparent purity, pH, C.C.S, and 
an increase in viscosity. Further, there is the occurrence and progressive 
increase of dextran in the harvested cane along with the delaying days 
between harvesting and crushing, regardless of the harvest system. 
Burning and chopping plus delaying accelerate the rate of deterioration 
represented by dextran formation; which affect greatly both the quantity and 
quality of the ultimately recoverable sugar from the cane that is harvested. 
Where sugar losses from 11% - 50% were observed during the delay time to 
four days on the different cane samples. 
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Consequently relying on the extent of relationship between dextran content 
and other parameters in all samples of cane, it could be deduced that the 
decrease in pol, apparent purity, pH and C.C.S accompanied by 
correspondingly increase in viscosity values can be considered as a very 
good indicator on cane deterioration and then on dextran presence. 
On the other hand, in all harvested methods of 1st ratoon cane revealed 
greater values of dextran content compared to 2nd ratoon and plantation cane. 
It could be deduced that, the dextran formation may be affected by cane type 
according to growth habit regardless to the method of harvesting. 
It was noticed in the factory that, the highest dextran was in mixed juice and 
decreased considerably from stage to stage during the process of sugar 
production. The greatest amount of dextran entering the factory goes to final 
molasses while only small amount goes to sugar. 
Effect of clarification on the dextran content is that, dextran removal 
percentage reaches up to   61.97 % during the clarification of juice. 
Application of chemical treatment against dextran in mills has a great effect 
on clarification efficiency, which mill sanitation decreased dextran content 
by about 58 %. 
According to the results the relationship between dextran content and each 
of Brix, pol and apparent purity of most of the factory samples showed a 
strong correlation (r² > 0.750), where in mixed and clear juices high levels 
of dextran coincide with low values of Brix, pol and apparent purity, which 
can be good indicators to dextran presence. However in samples of syrup, 
final molasses, and commercial sugar which already have high Brix, pol and 
apparent purity values, the high levels of dextran coincide with high values 
of Brix, pol and apparent purity, especially at higher dextran contents. 
There is a strong correlation between increasing of dextran content and 
decrease in pH values for all factory samples, which can be a very good 
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indicator to dextran presence during processing, especially at higher dextran 
contents. 
The color which showed a suspect relationship with dextran content for all 
factory samples may not be an indicator to dextran presence, which reveals 
that the color formation is related to other factor in addition to dextran 
formation. 
All factory samples showed a very strong correlation between increasing 
dextran content and increasing viscosity. This close relationship showed that 
the dextran production has to be accompanied by correspondingly high 
values of viscosity could undoubtedly be a very good indicator to dextran 
presence.  
Because the decrease in C.C.S represents the sucrose loss, therefore it could 
be the best indicator of cane deterioration. Statistical analyses showed that 
for 100 ppm of dextran in cane juice, there is an average sugar loss of 0.4 kg. 
So molasses purities, then normally between 30-35 %, have augmented to 
reach values as high as 43 %. 
 
5.2 Recommendations 
In many production systems, both agricultural and manufacturing, there 
is conflict between productivity in the field and factory and quality of sugar 
cane in the field and sugar in the factory. High productivity and or 
throughput compete with high product quality, even with today's emphasis 
on total quality. However, quality can be influenced by ever-changing 
developments in sugar cane agriculture, including the introduction of new 
cultivars, use of chemical ripeners, changes in cultural practices and 
harvesting systems and introduction into an industry of new disease and 
insect pests. Briefly sugar manufacturing begins in the field.  
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The recommendations which can be withdrawn as result of this work and 
which can lead to minimum dextran formation are: 
1. There is a real need to establish new criteria for levels of deterioration 
in Sudan cut cane, in order to better predict: 1) the quality of the cane 
to be processed and, 2) the effect on harvest methods and storage 
conditions. 
2. More attention should be given to dextran in sugar cane and its 
products, in view of the constant search for improvements in sugar 
quality and processing efficiency in factory. 
3. Applying the incentive to growers to receive some percent of the 
value of the sugar produced makes them to deliver good quality 
material to the processor. Further, there are additional financial 
incentives today that include additional premiums or penalties for 
cane having above or below average yield of theoretical recoverable 
sugar or above or below average pol percent cane, fiber content and 
field soil in the juice.  
4. Processors have to go a step further to ensure better cane quality by 
providing chemical ripeners to the producer to enhance sucrose and 
purity of cane at harvest. 
5. Whereas cane deterioration in the long delays between the harvesting 
and crushing, has been appointed as the main cause of increases of 
dextran formation, particularly when cane is harvested burned and 
chopped, a simulation model or modeling system could be used to 
evaluate different methods of reducing harvest-to-crush delays. 
Various strategies for reducing harvest-to-crush delays, such as 
altered burning and delivery schedules and implementation of 
harvesting groups must be investigated for the factory area. 
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6. The attention should be paid to the effects of cane burning which are 
widespread, and resolve essentially into five principal categories of 
consequence; soil and environmental damage; diminished quantity 
and quality of sugar recovery; slower, more costly and less efficient 
processing; diminished energy potential of bagasse fiber; but easier 
harvesting.  
7. If cane can be cut, transported, and crushed within 16 hours of 
burning, milling costs and sugar recovery are not seriously 
compromised. Where cane is extremely deteriorated, it may not be 
possible to make sugar at all, only molasses. 
8. Replacing old exhausted ratoons with new seed stock because 
exhausted ratoons tend to be particularly susceptible to weed 
infestation, given the gaps that appear between cane stalks that grow 
there from, and more exhibited to cane deterioration and then on 
dextran presence.  
9. Data collected from these tests provided instant information on the 
location and severity of dextran problems and allowed the factories to 
take immediate actions using process chemicals and mill cleaning 
more efficiently. 
10. At least once per shift (every 8 hours), factory personnel have to make 
an inspection of the process areas for visual signs of contamination. 
Even though this should be done on a continual basis by the operators, 
the factory supervisor and superintendent should specifically walk the 
mill train inspecting for L. mesenteriodes infection. A comprehensive 
inspection program should include the preparation cane juice stage 
(factory yard and mills). If an infection is found in any of these areas, 
the slime must be removed physically with hot pressurized water. This 
should also initiate the addition of biocide into the juice. 
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11. The application of dextranase can alleviate the processing and product 
quality problems associated with dextrans in sugar factory. 
12. The tendency should be paid to harvest the green long cane compared 
to other methods (green chopped, burnt long, and burnt chopped) to 
reduce cane deterioration and dextran formation.  
13. This work will impact scientists, giving them a way to better confirm 
cane deterioration, and also sugar cane farmers and factory processors 
by letting them know how to better harvest, handle and store cane, in 
order to reduce deterioration. 
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APPENDIX 
Tables of results 
 
Table 1: Green long plantation cane 
 
No of days 0 1 2 3 4 
Bx % cane 18.91 18.48 16.99 18.71 16.54 
Pol % cane 13.8 13.32 12.11 12.56 10.76 
Aِpparent Py  % 72.98 72.1 71.28 67.12  65.05 
pH  7.58 7.51 7.42 6.88 5.93 
Color I.U.560 3457.94 1860.55 3106.52 2970.36 3628.42 
Viscosity  cp 11.2 12.2 12.3 12.4 12.9 
C.C.S 11.25 10.74 9.67 9.49 7.87 
Dextran  ppm on Brix 60 107 233 560 804 
Dextran increase % 0% 78% 288% 833% 1240% 
 
 
Table 2: Green chopped plantation cane 
 
No of  days 0 1 2 3 4 
Bx % cane 17.11 12.57 17.99 17.99 18.14 
Pol % cane 13.1 9.14 11.5 11.3 10.55 
Apparent Py  % 76.56 72.7 63.92 62.8 58.15  
pH  7.63 7.31 7.23 6.12 5.67 
Color I.U.560 2031.75 1480.53 2465.19 3700.38 3461.77 
Viscosity  cp 11.7 12.2 12.3 12.5 13 
C.C.S 11.1 7.43 8.26 7.96 6.76 
Dextran  ppm on Brix 68 127 219 887 3430 
Dextran increase % 0% 87% 222% 1204% 4944% 
 
 
Table 3: Burnt long plantation cane 
 
No of days 0 2 3 4 4 
Bx % cane 14.46 17.87 17.25 16.9 17.5 
Pol % cane 10.78 13.00 12.54 11.31 9.39 
Apparent Py  % 74.57 72.75 72.72 66.9  53.67 
pH  7. 44 7.28 7. 08  6.64 5.93 
Color I.U.560 2056.72 2770.46 3311.61 3018.76 3383.91 
Viscosity  cp 11.1 11.9 12.1 12.2 13.2 
C.C.S 8.94 10.57 10.19 8.52 5.36 
Dextran  ppm on Brix 110 180 249 463 646 
Dextran increase % 0% 64% 126% 321% 487% 
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Table 4: Burnt chopped plantation cane 
No of  days 0 1 2 3 4 
Bx % cane 13.55 19.19 16.33 15.24 15.01 
Pol % cane 10.16 14.09 11.28 10.24 7.69 
Apparent Py  % 74.95 73.43 69.08 67.18  51.24  
pH  7.59 7.33 7.12 6.13 5.89  
Color I.U.560 1957.37 3137.26 3919.99 4342.86 4860.55 
Viscosity  cp 11.6 11.8 12.2 12.5 13.9 
C.C.S 8.47 11.54 8.76 7.74 4.03 
Dextran  ppm on Brix 117 181 312 568 4387 
Dextran increase % 0% 55% 167% 385% 3650% 
 
 
Table 5: Dextran (ppm on Brix) in different samples of plantation cane 
No of   days 0 1 2 3 4 
Green Long Cane  60 107 233 560 804 
Green Chopped Cane 68 127 219 887 3430 
Burnt Long Cane 108 110 249 463 646 
Burnt Chopped cane 117 181 312 568 4387 
 
Table 6: Green long1st ratoon cane 
No of  days 0 1 2 3 4 
Bx % cane 20.54 19.42 13.22 19.35 19.81 
Pol % cane 16.66 15.61 10.36 14.21 14.12 
Apparent Py  % 81.09  80.38 78.33 73.44 71.28 
pH  6.82 6.7 6.58 6.43 6.16 
Color I.U.560 5861.34 4425.98 8993.24 3992.21 3995.05 
Viscosity  cp 12 12.1 12.2 13.1 15.8 
C.C.S 14.72 13.71 8.93 11.64 11.28 
Dextran  ppm on Brix  187.4 214.88 330.09 723.05 818.96 
Dextran increase % 0% 15% 76% 286% 337% 
 
 
Table 7: Green chopped 1st ratoon cane  
No of   days 0 1 2 3 4 
Bx % cane 20.8 16.12 21 20.71 20.68 
Pol % cane 16.9 12.83 16.17 15.84 15.19 
Apparent Py  % 81.25 79.53 77 76.48 73.45 
pH  6.99 6.80 6.78 6.51 6.11 
Color I.U.560 4561.51 6081.29 5511.21 4569.66 2964.9 
Viscosity  cp 12 12.2 13.3 14 16.3 
C.C.S 14.95 11.19 13.76 13.41 12.45 
Dextran  ppm on Brix 203.4 267.55 274.55 316 893.4 
Dextran increase % 0% 32% 35% 55% 339% 
 
 
 168
Table 8: Burnt long 1st ratoon cane 
No of   days 0 1 2 3 4 
Bx % cane 17.2 17.26 18.68 15.02 18.41 
Pol % cane 14.78 13.84 14.68 11.63 13 
Apparent Py  % 85.93 80.19 78.59 77.4 70.64  
pH  6.94 6.86  6.74 6.62 6.10 
Color I.U.560 5805.19 5181.35 4899.36 5574.34 3042.71 
Viscosity  cp 12.4 13.6 13.8 15.3 16.5 
C.C.S 13.57 12.13 12.68 9.94 10.30 
Dextran  ppm on Brix 295.09 316.6 353.17 498.25 1223.93 
Dextran increase % 0% 7% 20% 69% 315% 
 
Table 9: Burnt chopped 1st ratoon cane 
No of  days 0 1 2 3 4 
Bx % cane 19.58 18.39 19.8 20.19 19.61 
Pol % cane 15.15 13.65 14.66 14.85 13.25 
Apparent Py  % 77.36  74.24 74.06 73.57 67.56 
pH  6.90 6.75 6.73 6.60 5.94 
Color I.U.560 4789.6 4999.75 4427.85 4454.53 4157.37 
Viscosity  cp 12.4 12.6 13.9 15.7 16.8 
C.C.S 12.94 11.28 12.09 12.18 10.07 
Dextran  ppm on Brix 296.18 345.51 370.68 592.18 1380 
Dextran increase % 0% 17% 25% 100% 366% 
 
Table10: Dextran (ppm on Brix) in different samples of 1st ratoon cane 
No of   days 0 1 2 3 4 
Green Long Cane 187.4 214.88 330.09 723.05 818.96 
Green Chopped Cane 203.4 267.55 274.55 316 893.4 
Burnt Long Cane 295.09 316.6 353.17 498.25 1223.93 
Burnt Chopped cane 296.18 345.51 370.68 592.18 1380 
 
 
Table 11: Green long 2nd ratoon cane 
No of  days 0 1 2 3 4 
Bx % cane 14.3 17.66 13.65 17.93 19.12 
Pol % cane 11.91 13.43 10.11 12.55 12.75 
Apparent Py  % 83.29 76.04 74.03 69.99 66.68 
pH 6.91 6.90 6.76 6.69 6.66 
Color I.U.560 4619.46 3483.43 6160.93 4000.15 3971.11 
Viscosity  cp 12.4 12.5 12.6 12.9 13.3 
C.C.S 10.72 11.32 8.34 9.86 9.57 
Dextran  ppm on Brix 165.53 176.53 290.14 303.93 324.16 
Dextran increase % 0% 7% 75% 84% 96% 
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Table 12: Green chopped 2nd ratoon cane 
No of   days 0 1 2 3 4 
Bx % cane 17.32 17.21 16.31 16.64 16 
Pol % cane 13.81 12.02 11.39 11.39 10.62 
Apparent Py  % 79.73 69.84 69.84 68.45 66.38 
pH  6.95 6.85 6.76 6.64 6.55 
Color I.U.560 3843.21 4000.15 4438.09 3486.67 3694.4 
Viscosity  cp 12.4 12.5 12.7 13.3 14.3 
C.C.S 12.06 9.43 8.93 8.77 7.93 
Dextran  ppm on Brix 135 181.48 216.21 235.16 343.29 
Dextran increase % 0% 34% 60% 74% 154% 
 
Table 13: Burnt long 2nd ratoon cane 
No of   days 0 1 2 3 4 
Bx % cane 14.27 18.56 18.7 15.92 14.37 
Pol % cane 11.78 14.32 14.27 11.7 10.28 
Apparent Py  % 82.53 77.17 76.29 73.49 71.55 
pH 6.99 6.98 6.95 6.91 6.65 
Color I.U.560 8874.18 4085.28 4160.31 4826.06 5096.78 
Viscosity  cp 11.6 11.9 12.0 12.7 14.4 
C.C.S 10.54 12.2 12.06 9.59 8.24 
Dextran  ppm on Brix 138.43 167.97 186.5 246.68 275.01 
Dextran increase % 0% 21% 35% 78% 99% 
 
Table 14: Burnt chopped 2nd ratoon cane 
No of  days 0 1 2 3 4 
Bx % cane 15.15 16.14 18.06 15.64 16.98 
Pol % cane 12.03 12.16 13.46 11.35 11.37 
Apparent Py  % 79.4  75.34 74.55 72.59 66.98 
pH  6.88 6.87 6.81 6.61 6.52 
Color I.U.560 8996.1 4452.95 4284.5 4417.8 4532.96 
Viscosity  cp 11.9 12.0 12.3 13.9 14.9 
C.C.S 10.47 10.17 11.16 9.21 8.57 
Dextran  ppm on Brix 129.93 145.57 150.79 276.79 368.22 
Dextran increase % 0% 12% 16% 113% 183% 
 
 
Table 15: Dextran (ppm on Brix) in different samples of 2nd ratoon cane 
No of   days 0 1 2 3 4 
Green Long Cane 165.53 176.53 290.14 303.93 324.16 
Green Chopped Cane 135 181.48 216.21 235.16 343.29 
Burnt Long Cane 138.43 167.97 186.5 246.68 275.01 
Burnt Chopped cane 129.93 145.57 150.79 276.79 368.22 
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Table 16: First readings without treatment in the factory 
 Mixed juice Clear juice Syrup  Final molasses  Com Sugar  
Bx% 16.22 15.74 65.08 84 100 
Pol % 13.52 12.57 60.68 34.87 91.33 
Apparent Py % 83.35 79.86 93.24 41.51 91.33 
pH 5.78 7.36 6.77 6.6 6.52 
Color I.U.560 3322.16 3912.76 2831.92 8430.17 484.7 
Viscosity cp 14.5 14.2 103 4507  
Dextran ppm on Brix 1015 698 313.13 333.75 250.63 
 
 
Table 17: Second readings without treatment in the factory 
 Mixed juice Clear juice Syrup  Final  molasses    Com Sugar 
Bx% 15.99 16.48 58.16 84.6 100 
Pol % 13.23 12.67 54.5 35.67 94.2 
Apparent Py % 82.74 76.88 93.71 42.16 94.2 
pH 5.77 7.34 7.08 6.64 6.71 
Color I.U.560 8100.12 3716.63 3520.56 7290.5 444.75 
Viscosity cp 15.2 14.5 70.2 3030  
Dextran ppm on Brix 834 713 271.25 218.75 218.75 
 
 
 
Table 18: Third readings without treatment in the factory 
 Mixed juice Clear juice Syrup  Final molasses   Com Sugar 
Bx% 17.08 16.59 45.69 89.4 100 
Pol % 14.86 12.71 35.7 33.26 96 
Apparent Py % 87 76.61 78.14 37.2 96 
pH 5.66 7.28 6.94 6.67 7.58 
Color I.U.560 4553.97 4426.13 4240.43 8927.01 394.47 
Viscosity cp 16.1 15 33.9 4513  
Dextran ppm on Brix 366 283 105.63 125 302.5 
 
 
Table 19: Fourth readings without treatment in the factory 
 Mixed juice Clear juice Syrup  Final molasses  Com Sugar  
Bx% 15.72 15.97 53.15 89.4 98.4 
Pol % 12 12.34 39.82 38.81 95.15 
Apparent Py % 76.34 77.27 74.92 43.41 97.09 
pH 5.85 7.54 7.13 6.68 7.48 
Color I.U.560 4004.28 4126.2 3880.51 10701.79 480.92 
Viscosity cp 17.3 14.4 40.6 6300  
Dextran ppm on Brix 1099 418 135.63 458.75 105.63 
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Table 20: The main of all readings without treatment in the factory 
 Mixed juice Clear juice syrup Final molasses Com Sugar 
Bx% 16.25 16.2 55.52 86.85 99.5 
Pol % 13.4 12.57 47.67 35.63 94.17 
Apparent Py % 82.46 77.63 85.86 41.05 94.64 
pH 5.77 7.38 6.98 6.65 7.07 
Color I.U.560 4995.13 4095.43 3618.36 8837.37 451.21 
Viscosity cp 15.78 14.53 61.93 3270  
Dextran ppm on Brix 829 528 206.41 325.78 219.38 
 
 
Table 21: First readings with treatment in the factory  
 Mixed juice Clear juice Syrup  Final molasses  Com Sugar  
Bx% 16.97 11.8 61.02 86.04 100 
Pol % 14.01 9.32 46.72 32.43 94.54 
Apparent Py % 82.56 78.98 76.57 37.69 94.54 
pH 5.86 7.57 7.43 6.68 7.65 
Color I.U.560 4397.7 3618.35 2747.3 5284.69 648.43 
Viscosity cp 14.9 12.3 47.2 7480.8  
Dextran ppm on Brix 252.47 236.7 135.6 175 51.88 
 
 
Table 22: Second readings with treatment in the factory  
 Mixed juice Clear juice Syrup  Final molasses  Com Sugar 
Bx% 17.17 13.61 69.2 82.44 98.92 
Pol % 13.3 10.61 49.35 33.15 96.04 
Apparent Py % 77.46 77.96 71.32 40.2 97.09 
pH 5.69 7.57 7.11 6.67 7.56 
Color I.U.560 5865.14 4231.74 3151.66 6001.11 697.16 
Viscosity cp 17.1 13.1 69.3 6590.8  
Dextran ppm on Brix 409.34 320.15 239.9 218.75 41.7 
 
 
Table 23: Third readings with treatment in the factory  
 Mixed juice Clear juice Syrup  Final molasses  Com Sugar 
Bx% 16.82 16.22 60.07 73.4 99.4 
Pol % 13.26 12.37 45.7 30.16 95.49 
Apparent Py % 78.83 76.26 76.08 41.09 96.07 
pH 5.66 7.52 7.01 6.69 6.94 
Color I.U.560 4138.42 3693.23 3610.47 5229.69 723.46 
Viscosity cp 15.9 13.5 75.1 4826.7  
Dextran ppm on Brix 464.93 120.82 51.88 166.88 51.88 
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Table 24: Fourth readings with treatment in the factory  
 Mixed juice Clear juice  Syrup  Final molasses  Com Sugar 
Bx% 17.1 16.7 66.45 83.8 100 
Pol % 13.98 13.74 49.15 32.9 90.7 
Apparent Py % 81.75 82.28 73.97 39.26 90.7 
pH 5.72 7.77 7.02 6.57 6.97 
Color I.U.560 9127.29 4080.27 2994.64 7045.76 640.7 
Viscosity cp 16.1 16 85 3252.4  
Dextran ppm on Brix 274.1 93.71 62.5 166.88 31.25 
 
 
Table 25: The middle rate of all readings with treatment in the factory  
 Mixed juice Clear juice Syrup Final molasses Com Sugar
Bx% 17.01 14.58 64.19 81.42 99.58 
Pol % 13.64 11.51 47.73 32.16 94.19 
Apparent Py % 80.19 78.94 74.36 39.5 94.59 
pH 5.73 7.61 7.14 6.65 7.28 
Color I.U.560 5882.14 3905.9 3126.02 5890.31 677.44 
Viscosity cp 16 13.73 69.15 5537.68  
Dextran ppm on Brix 350.21 192.85 122.47 181.88 44.18 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
